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Abstract

Formal music education has been criticised for failing to meaningfully connect with the lives of
the young people it serves. This research explores an alternative, technology-mediated approach
to music education based around music remixing, where the activity is used to connect young
people with established local musicians. However, the tools used to create impactful music
remixes are often complex, which may present a barrier to participation. Accordingly, this
research follows a design-based research methodology to develop an online, learning-focused
music remixing and sharing platform – Remix Portal. Five field deployments of Remix Portal
involving 20 sessions and 127 participants within education settings are reported, which resulted
in three significant design revisions. Each field deployment produced insights for the design of
learning-oriented music (re)mixing interfaces, as well as insights for the configuration of the
social contexts within which such interfaces are used.

Remix Portal’s initial, basic music mixing interface was refined to add text feedback facili-
ties. The show-and-tell iteration that followed, enabled feedback givers to add control change
suggestions so recipients can see, hear, and read a justification for proposed mix revisions.
The multi-layered interface iteration encompasses five interfaces of increasing complexity, to
enable users to select a layer that matches their abilities and desires, thereby avoiding the issues
associated with using an interface that is either too basic or too complex.

The contributions of this research are four-fold: First, this research makes an artefact con-
tribution in Remix Portal whose code is made available as an open-source system. Second, an
empirical contribution is made through the data that resulted from the field deployments, which
revealed insights into participants’ experience with both the artefact and with the surrounding so-
cial configuration. Third, conceptual contributions consist of the development of a framework for
understanding music mixing skills development; the expanding of the concept of ‘local learning
ecologies’ to include young peoples’ transitions into a community’s cultural activities; a show-
and-tell feedback approach which couples descriptive and depictive information representations
within learning feedback; and the integration of flow theory and cognitive load theory and their
relationship to multi-layered interface design. The research also makes a fourth, methodological
contribution, as two novel data collection techniques were developed to capture user data which
served to inform the design of a multi-layered interface. This research contributes most directly
to human-computer interaction literature in the domains of music education, learning feedback,
and multi-layered interface design.
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Chapter 1. Introduction

1.1. Music education in context

Music and arts education in the UK has been under increasing pressure from politicians seeking

to prioritise resources to Maths and English, leaving behind a `hollowed out' curriculum, as

even Ofsted's Chief Inspector has recognised (Spielman, 2018). There is therefore a real danger

that artistic subjects including music, will become second class `citizens' (Bath et al., 2020; See

and Kokotsaki, 2015). For example, the UK's main opposition party accused the government of

underinvesting in school arts subjects over the past decade, resulting in the number of students

participating in music and drama in English schools at GCSE level falling by one �fth; the

number of drama teachers decreasing by one �fth; music teachers by one seventh; and art

teachers by one eighth (Weale, 2021a).

The governments' deprioritization of the arts is perhaps most visible within the higher

education sector, with the Education Secretary announcing in 2021 that a key funding stream

for HE arts provision would be cut by 50 percent, which amounts to a subsidy reduction from

£243 to £121.50 for each full-time student on an arts course (including art, design, music,

drama, dance, media studies and journalism) (Harris, 2021). Critics have called this “one of

the biggest attacks on arts and entertainment in English universities in living memory” (Weale,

2021b). The Education Secretary's announcement included the plan to use the money saved

via these cuts to subsidise students on medicine and stem (science, technology engineering and

mathematics) courses, due to their closer alignment with the governments' strategic aims (Harris,

2021). Furthermore, the cuts to arts subjects appear to be disproportionately impacting students

from less well-off backgrounds, as the government chose to mitigate the impact of these cuts

upon some elite arts institutions, leaving universities like Wolverhampton where 70% percent of

students are �rst-generation university attendees, with no new support, forcing them to lay off

staff and close arts courses (Musicians Union, 2022).

The relative neglect of music and the arts is short-sighted because these subjects are the

bedrock of our creative and cultural industries; industries which make a signi�cant contribution

to the UK economy and are acknowledged as an area of growth (Department for Media Culture

and Sport, 2016). This contribution is in the order of 6% of our GDP (Waitzman, 2021), or,

as of 2018, £111 billion annually (Department for Digital, Culture, Media & Sport, 2020).

In addition to the economic bene�ts, a good arts education, and a good music education in

particular, can have a hugely positive impact upon individuals and society. For individuals, the

opportunity to participate in musical education and activities can lead to the following bene�ts:

an increase in self-esteem and educational engagement across all subjects (Ofsted, 2009); an
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increase to their intellectual, personal, social and physical development (Broh, 2002; North et al.,

2000; Schellenberg, 2004); a boost to their creativity (Koutsoupidou and Hargreaves, 2009);

enhancement of literacy and numeracy skills (Gardiner et al., 1996; Ho et al., 2003; Overy, 2003;

Register, 2001); and a range of additional health and wellbeing bene�ts (The Royal Conservatory

of Music, 2014). Furthermore, at a societal level, it is important that we encourage young people

to participate in music making activities in order to foster the next generation of musicians who

will go on to make an important contribution to our social fabric, culture and economy (Behr

et al., 2016; Henley, 2011).

Whilst no arts subjects have escaped government cuts, it is argued that music has been

particularly hard hit (Weale, 2021a), with a recent Ofsted report charting music's decline in

England at A-Level, GCSE, and earlier. The report also acknowledged a decline in the speci�c

training in music teaching offered to prospective primary school teachers, as well as a reduction

in the lesson time afforded to music across all school years (Ofsted, 2021).

Critics have pointed out that music education tends to skew towards western classical music

in the UK (Rogers, 2002; Spruce, 1999) and in other countries (Hess, 2014; Jaffurs, 2004). It is

argued that this does not meaningfully connect with the interests of many young people, which

disenfranchises them and impacts their motivation to participate in music education (Hess, 2014).

However, Woody (2007) argues that when attempts are made to bring the music that young

people feel an af�nity with into the music classroom, it is often done disingenuously, as part of

a `bait-and-switch' tactic to try and excite the learners enough that they will engage with the

traditional component of the lesson. An example of this would be trying to capture interest via

orchestral arrangements of popular songs. An alternative to the traditional, classical-oriented

educational approach, would be to accommodate the learners contemporary musical tastes by

placing this at the heart of the music curriculum and to encourage them to learn about music by

making it.

A government commissioned review by Darren Henley found that many children in England

receive a substandard music education, and this disproportionately affects those from poorer

areas (Henley, 2011). In considering how music education could be improved, Henley sites the

need for schools to draw upon local resources by forming partnerships with groups, organisations,

and individuals in the local area. A similar call was made by See and Kokotsaki who asserted

that arts activities are more successful when they involve professional artists including musicians

(See and Kokotsaki, 2015).

1.2. Music remixing as a learning opportunity

The picture of formal music education, and arts education more broadly, stands in contrast

to descriptions of how young people participate in the arts beyond the school gates. Jenkins

(2009) reported a set of vibrant online communities comprised of young people creating, sharing,

reshaping and critiquing digital media, and developing their artistic skills as a byproduct. Music

production and music remixing was a central activity. Väkevä (2010) studied music-oriented

participation within online communities and described a blossomingdigital music cultureinvolv-
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ing young people participating in, and learning through activities including: DJing/turntablism;

music remixing; the creation of song mash-ups; collective songwriting online; producing music

videos and sharing them on YouTube; creating, exchanging and comparing videos of Guitar

Hero and Rock Band game performances. Similarly, Hugill (2018) noted the adoption of digital

technology by musicians to assist their creation, production, expression, dissemination, promo-

tion, and consumption of music, at a rate that has outpaced adoption within the music classroom.

Academic and commentator Tim Cain considered the lag between music technology's use within

the classroom and its use within real-world settings, and made the following comment – a

comment which this thesis argues is sadly just as relevant today:

“Curriculum change is necessary if the world of the classroom is to keep pace with

the world outside... There needs to be more, and better, professional development,

so that teachers can learn from each other, as well as from experts, how best to use

music technology.” (Cain, 2004)

1.2.1. De�ning music remixing

�Music remixing', at its most basic level, is usually understood to involve some reworking of

the sonic properties of a piece of music, with the output of the process being an artefact usually

referred to as a `remix'. However, when one looks more closely at how the term is interpreted

and applied, subtle distinctions abound. For example, Casey and Slaney (2007) de�ne a music

remix as the output of a remixing process whereby:"a vocal sample is taken from a source

recording and summed into a completely new musical work created by a producer or DJ."

Woodruff et al. (2006), on the other hand, takes a broader view, and whilst they would agree that

music remixing could lead to the creation of a completely new musical work, they also point out

that an equally valid remix could be created by"simply raising the level of a single instrument in

a poorly balanced mixture". A popular and comprehensive de�nition of the music remix was

offered by Navas (2014) who claimed that:"A music remix, in general, is a reinterpretation of a

pre-existing song, meaning that the `spectacular aura' of the original will be dominant in the

remixed version". They went onto identify three types of music remix: (i) the extended remix,

which is an elongated version of the original music and is intended to be played in clubs, (ii)

the selective remix, where the essence of the original music is preserved, but some material

is selectively added or removed to change the sound, and (iii) the re�exive remix, where the

original music is still audible yet the remix is claimed as an original and equal version rather

than a derivative work.

Within this thesis, music remixing will be de�ned in relation to `music mixing', and whilst

there are distinctions in how this latter term is interpreted, it can be considered more homogeneous

than `music remixing'. Tankel (1990) de�nes music mixing as"setting sound parameters

and relationships during and after recording", and most other de�nitions found within the

literature align closely with this. Remixing can therefore be considered theresettingof these

sound parameters and relationships. Mixing can be thought of as a two-part process with

sounds manipulated during the recording session to create a `rough' mix, and again during

3



Introduction

post-production. Remixing can be achieved by replicating this second part of the process, using

the raw material of the rough mix and recon�guring it into a new artefact. This broad de�nition

could accommodate all three types of remix described by Navas (2014): extended, selective and

re�exive.

Remixing as a practice was born out of the realisation that mixes that work well on the radio

do not work well in dance halls and vice versa, therefore separate mixes were created for each,

typically with a remix created for the dance halls following a radio-friendly mix. Today it is

common for a piece of popular music to be released in multiple forms, identi�ed by the type of

mix, or remix, such as: radio mix, dance mix, dub mix, or blaster mix. It should be noted that the

terms `mix' and `remix' are frequently used interchangeably within the literature. Furthermore,

a `remix' should be considered both a process (the remixing of audio tracks) and an artefact (the

remix record) (Tankel, 1990).

It is worth noting that whilst the above deals with de�ning music remixing, the term `remix'

is now used to re�ect similar practices of manipulation and re-presentation of material within

other domains including fashion, design, art, web applications, user created media, and food

(Manovich, 2007). The remix has become culturally pervasive, leading Manovich (2007) to claim

that: "If postmodernism de�ned 1980s, remix de�nitely dominates 2000s, and it will probably

continue to rule the next decade as well."

1.2.2. Music remixing as an opportunity for collaboration

Väkevä (2010) argues that the democratisation of digital technology has brought music mixing

and remixing activities within the reach of many people, and the author goes on to assert that this

could lead to:"a new participatory aesthetics of popular music which supports audience input

e.g. in the form of fan-based remixing for which the artists willingly distribute raw material...In

these processes what was originally `a mix' becomes material for new creative ways of projecting

oneself in artistic-technological space. This shifts the aesthetic focus from products to processes,

from individual expression to communication."Tankel (1990) is of a similar opinion arguing that

the remixing of previously recorded music to create a new recording is itself a form of artistic

expression, and remixing creates unending possibilities for artistic collaboration, stating. It is

the potential for collaboration and communication brought about by participating in remixing

practices, that thesocialaspect of this thesis title refers.

The work presented in this thesis was inspired by the idea of bringing collaborative and

engaging music remixing activities into formal music education settings. Initial scoping dis-

cussions with teachers revealed that bringing young people together, face-to-face, with expert

musicians or outside organisations can be very challenging as musicians often have limited

availability during the working day; school budgetary constraints mean it is dif�cult to pay for

their time; and safeguarding concerns and policies create often dif�cult logistical challenges.

This research project therefore wanted to explore whether the types of music-making activities

that engage young participants within online, participatory communities might work within

formal music education settings. Speci�cally, this would mean exploring musical activities that
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involved working with outside experts remotely and asynchronously with interactions facilitated

by technology. Given that this work would be conducted within a Human-Computer Interaction

(HCI) department where projects are focused around the design, development, deployment and

evaluation of technologies, it was deemed appropriate to take a design-based research approach

(Barab and Squire, 2004) to the topic, and explore how we might produce tools to optimise the

connections between learners with outside expert musicians.

This thesis takes as its starting point, that the purpose of education is to:“ensure that all

students bene�t from learning in ways that allow them to participate fully in public, community,

and economic life.”(Futures, 1996). I argue that a reformed, digitally-equipped music education

could better support this goal by learning from and adopting the bene�cial practices observed

within informal, online music making communities. Were this to be widely adopted in formal

education, it is hoped that signi�cant bene�ts for young people may be realised, which would

contribute to enabling music and arts education to be better valued. The following sections

describe my own motivation for undertaking this research, the thesis aim and research questions,

and an outline of the thesis structure.

1.3. Research motivation

This thesis seeks to make the case that a change in the formal music education landscape is

desirable, and so my personal views and opinions are implicitly embedded within this presenta-

tion. There is a deeper motivation behind this work, so giving detail on my background in music

education is relevant to explain the base of lived experience which informed the decision making

throughout this research project.

I consider myself very lucky to have received a good music education whilst at school. Aged

seven, I was one of �ve students within my class to be offered violin lessons. This opportunity

led to me playing in youth orchestras and ceilidh ensembles, as well as helping me understand

the importance of a daily practice routine in order to make progress on a fairly challenging

instrument. A turning point came aged around eleven when we visited family friends who had a

music rehearsal room in an outbuilding of their home. The father was in a band and I got to sit

in during one of their rehearsals. They were playing rock and roll music which connected with

me to the extent I decided I wanted to learn to play the electric guitar and focus my energies on

trying to make music that more closely resembled the recorded music I enjoyed listening to. My

enthusiasm had not gone unnoticed by my parents who gave me a shiny red electric guitar the

following Christmas. Equipped with this guitar and knowledge of how to practice acquired from

my formal violin tuition, I learned to play guitar suf�ciently well that within a year I was able to

start 'jamming' with fellow school pupils during lunch breaks. This then progressed to forming

bands, initially playing renditions of other people's songs and then eventually writing my own

songs and co-writing with members of my bands. I also progressed from playing school shows

to, by my �nal year of school, playing regularly in the local pubs and clubs and getting to know

my local music community.
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I gained a lot from these formative experiences, in terms of the con�dence and self-belief

I acquired, and also in terms of the network of musicians I was exposed to. I consider each

part of the journey described above an important stepping stone, without which I may not have

gone on to derive great satisfaction playing the music I was passionate about with talented local

musicians, and participating in my city's cultural output. These formative experiences are likely

responsible for my belief that a good formal music education should help support and nurture

young people to �nd their own path stylistically, and equip them with the con�dence and ability

to participate in the wider music-making community beyond the school gates, and better still,

guide them towards this community.

I went on to work for the University of the Highlands and Islands for over a decade, where

I was a lecturer in music and audio engineering. I spent a signi�cant amount of time teaching

young people the art of music production including music mixing. This (typically) involved

teaching them to use specialist music production software, and I developed a pedagogy of

encouraging students to draw upon the software's built-in library of audio samples and loops in

order to help them �nd source material quickly, so they could then focus on learning how to use

the software to arrange and manipulate this source material. The vast majority of novice students

favoured this pedagogy based around using samples and loops in comparison to trying to record

their own instruments into the computer, because they found it a quick, easy and low-frustration

way of generating musical ideas and, ultimately, expressing themselves musically and creatively.

During this time I began to think that this type of activity might be an ideal route into music

making for many young people, as it required so much less effort than a traditional instrument

necessitates before the person can create music they are happy with. Whilst I was teaching

these skills at a post-compulsory education level, I was aware that this type of music-making

activity did not match the experiences of many young people within formal school education

environments.

The work presented in this thesis was motivated by these formative experiences. Firstly,

there was a desire to explore how music education could be recon�gured to help young people

express themselves musically and begin to see opportunities for themselves to participate in the

music making world beyond the school walls. Secondly, there was a desire to explore whether

music making involving samples and loops could provide an easy path to meaningful musical

expression for young people, and whether this could �t within formal music education.

1.4. Research questions

The four research questions presented here are intended to address the project aim which wasto

perform a design-based exploration of social music mixing; its tools and its impact upon

learners. The thesis aim was supported by four research questions, which were informed by the

literature review and early case study deployment data.

Research Question 1: Can music remixing activities support the formation of a local

learning ecology involving young people and established local musicians, and if so, what

factors are important in the design of the tools and social con�guration?
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This question encompasses Hodgson and Spours's conception of a local learning ecology

(Hodgson and Spours, 2013) which is unpacked in Chapter 2.5. Answering this question also

involved drawing upon literature related to authentic learning (Shaffer and Resnick, 1999)

and connected learning (Ito et al., 2013). It involved setting up a �eld study that enacted a

music remixing-oriented local learning ecology, and then employing suitable data collection and

analysis methods – including activity theory (Engeström, 2015; Engeström et al., 1999) – to

probe the experience and motivation of all the participants.

This work adds to the literature on local learning ecologies, which has thus far focused on

young people's transitions into further education or employment. The work presented here, in

contrast, explores the potential for local learning ecologies to help young people transition into

communities engaged in cultural activities, with music being the case study.

Answering this research question in the af�rmative – i.e. music remixing activitiescan

support the formation of local learning ecologies involving young people and established local

musicians – is to raise the possibility for a new model of formal music education delivery. This

new model may prove more bene�cial to young people as a whole, by increasing the number

of young people who go on to engage in meaningful music activities with others, and in doing

so access the advantages that music participation has to offer. This should have the knock-on

effect of enriching the cultural life of their locality, and should also increase the number of

young people who are able to make successful transitions beyond school, into further education,

training or employment.

Research Question 2: How can we design technology to support tacit knowledge trans-

fer through feedback within the context of music mixing skill acquisition?

This research question was developed in response to �ndings following exploration of

the �rst research question. The con�guration of the local learning ecology that was enacted

during exploration of that initial research question involved local musicians providing text-based

feedback to the student participants, and an issue was identi�ed around participants �nding it

dif�cult to make sense of, and acting upon this text-based feedback. Whilst this issue is explained

in detail within Chapter 5, it is important to note here that this second research question was

intended to explore solutions to this issue.

The question references tacit knowledge (Polanyi, 2009), which was identi�ed as an important

topic when researching the shortcomings of text-based feedback within the literature. Tacit

knowledge is explained in Chapter 2.3.1, along with the related topic of apprenticeship learning

(Collins, 1991; Collins et al., 1991, 1988). The literature review also surveys HCI research

around systems designed to support tacit knowledge transfer, typically in the form of skill

acquisition within craft domains.

The other side of this question relates to feedback, and accordingly literature around feedback

for learning is reviewed in Chapter 2.3.6, with particular in�uences being the work of Hattie

and Timperley 2007 and Shute (2008). The review then focuses on the way information is

represented within feedback, with work exploring the advantages of multiple representation

feedback presented (Ainsworth, 2006; Ice et al., 2010; Wiese and Koedinger, 2017), i.e. feedback

7



Introduction

that does not rely solely on descriptive text-based information. Finally, this part of the review

moves on to survey HCI work around feedback for learning, including systems designed to

support group critique including the work of Tinapple et al. (2013).

The potential reward for successfully addressing this research question would be to overcome

a key obstacle to providing effective support for music mixing skills development when learners

and feedback givers are not co-located or need to work asynchronously, as was the case in our

enacted local learning ecology. This therefore informs our understanding of what may constitute

viable con�gurations of social music mixing, and therefore addresses the aim of this thesis.

Beyond serving the aims of this thesis, the work resulting from addressing this question

has the potential to contribute to the literature around tacit knowledge transfer by addressing

Polanyi's assertion that we can “know more than we can tell” (Polanyi, 2009), by exploring a

novel feedback mechanism that allows people to communicate information beyond 'telling'. This

work also contributes to the literature on learning feedback, and particularly the literature around

group critique, by demonstrating a technology that provides a novel mechanism for providing

demonstration-based feedback that can function within remote or asynchronous learning contexts.

Addressing this research question also allows us to offer a contribution to the music education

literature, by proposing a framework for understanding key components of music mixing skill

acquisition.

Research Question 3: How can we capture and use expert knowledge in the form of

music mixing-oriented worked examples to support music mixing skills acquisition?

This research question addresses the thesis' aim by exploring an alternative con�guration of

social music mixing, with thesocialelement comprising the relationship established between

novices and experts within the local community. Whilst the previous research question focused

on a con�guration of experts as feedback givers and novices as recipients, the response to this

research question explored a con�guration where experts provideworked examples(Atkinson

et al., 2000) of their music mixes upfront for novices to study prior to commencing their own

music mixing activities. Participants' views of the relative merits of the worked examples as a

pedagogical device were probed, and it is this qualitative data that serves to answer the question.

This work makes a contribution to the worked example literature by being one of the �rst

studies to take worked examples outside of the STEM-based subject areas where they were used

to support learning tasks around well de�ned problems featuring clear goals, solution paths and

expected solutions (Rourke and Sweller, 2009). In contrast, the challenge of mixing music can

be considered an ill-de�ned problem with an unclear goal, solution paths, or expected solutions,

as explained in Chapter 2.3.4. The work presented here, therefore, broadens our understanding

of where worked examples can be successfully applied.

Such a recon�guration of̀the social'has the potential to expose another avenue via which

local musicians could contribute their expertise and participate in a local learning ecology,

beyond providing feedback. If it was to become widely adopted, it could, ultimately, enhance

the music education young people receive.
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Research Question 4: How can we design multi-layered interfaces to support novice to

expert transitions within the context of music mixing skills acquisition?

The literature survey revealed multi-layered interfaces (Shneiderman, 2002) as a design

approach to helping people learn to use complex pieces of software. This approach was therefore

explored as a potential solution to this research question. However, there were important

differences between the prior literature and the context in which this thesis work was conducted.

Multi-layered interfaces had previously been explored in relation to domain experts transitioning

to an unfamiliar piece of software, however this contrasts with the work presented in this thesis

where the intention was to help complete novices gain domain expertise as well as learn to use a

piece of software. The work within this thesis is therefore able to contribute to the multi-layered

interface literature by exploring their use in a new context. Flow theory (Csikszentmihalyi, 1990)

also played an important role in the analysis of the data collected during the course of this work.

Answering this research question successfully is to both lower the bar to participation in

computer-based music technology activities, and perhaps more importantly, it will help lower the

likelihood of participants experiencing frustration or anxiety along their learning journey, and

thus lower the likelihood of drop-out. Therefore, a greater number of people should, potentially

at least, be able to enjoy participating in music technology activities including music mixing, and

by supporting their skill development we should improve the quality of the musical contributions

they are able to make to their social networks or communities.

1.5. Research approach

As Chapter 3 details, this thesis was conductedin the wild, in a mixture of formal and informal

naturalistic learning settings. There were �ve �eld deployments totalling 20 sessions and

involving one primary school, one secondary school, one secondary school after school club,

and two further education colleges. Learners ranged in age from 10 years to mature students,

with 127 people participating in total.

A design-based method (Anderson and Shattuck, 2012; Barab and Squire, 2004) was em-

ployed to explore the research questions and project aim. Central to this was Remix Portal, a

music remixing, sharing and communication platform created and iteratively re�ned over the

course of the project in response to research �ndings and with input from relevant literature. The

broad concept was for participants to engage in music (re)mixing activities using Remix Portal,

and for data to be captured on how its use impacted attitudes towards participation in music

and education activities, or how participants' viewed its potential to support learning. However,

this description is very `broad brush' as each �eld deployment was linked to a speci�c research

question and was thus uniquely con�gured to answer this question. The subsequently presented

data chapters detail each study con�guration and objectives.

The design-based research was supported by mainly qualitative data collection methods

encompassing interviews (individual, paired and group) and surveys. The qualitative data was

thematically analysed in line with the principles outlined by Braun and Clarke (2006). The

exploration of research question 1 was supported by the analytical lens of Activity Theory
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(Bødker, 1991; Kaptelinin and Nardi, 2006; Nardi, 1996) which helped make sense of the

social setting surrounding the music remixing activities. For the deployments linked to research

question 2, Likert items were added to the survey, giving access to additional quantitative data

for analysis, however the majority of the data collected was qualitative.

1.6. Contributions

This thesis makes four types of contribution: artefact, empirical, methodological, and conceptual.

The artefact contribution comprises Remix Portal, the music (re)mixing, sharing and com-

munication platform. This is offered as a free-to-use web application, and as open source code

which others can build upon. Furthermore, this thesis presents the design criteria which describe

key attributes of the application, and thus others could implement this design criteria to integrate

aspects of Remix Portal's design into their own applications.

The empirical contribution consists of the data produced from the �eld studies which revealed

insights into participants' experience with both Remix Portal and with the surrounding social

con�guration. These insights support the validation of Remix Portal's design, and in the case of

the work presented in Chapter 4 especially, validation of the social con�guration mediated by

Remix Portal.

This thesis makes a methodological contribution by developing a process to incorporate user

input into the design of multi-layered interfaces, as described in Chapter 7

A number of conceptual contributions are offered by this thesis: First, the literature review led

to the production of a framework for understanding music mixing skills acquisition, as presented

in Chapter 2.4. Second, the concept of local learning ecologies (Hodgson and Spours, 2013)

was extended from a focus on transitions from school into employment or further education,

to include the idea of transitioning into participating in community activities. Third, the thesis

presents the concept of the show-and-tell feedback interface, as described in Chapter 5, which is

intended to improve feedback upon creative, non-text modality artefacts for those learning in

remote and/or asynchronous settings. Fourth, the potential for multi-layered interfaces to support

the acquisition of domain knowledge is advanced. A �nal conceptual contribution involves the

integration of cognitive load theory (Oviatt, 2006) and �ow theory (Csikszentmihalyi, 1990;

Nakamura and Csikszentmihalyi, 2014), as presented in Chapter 7.

1.7. Thesis outline

This thesis comprises eight chapters, beginning with this introductory chapter. Chapter 2 contains

a review of relevant literature. The format of this chapter was inspired by Crook and Sutherland

(2017) who asserted that the development of educational technologies should be based upon

a solid understanding of how people learn, and accordingly the literature review is organised

around the presentation of learning theories. An explanation for how learning occurs at an

individual level is presented, with the focus on cognitive theories of learning. The chapter then

moves on to cover interpersonal learning, with a focus on apprenticeship learning, learning
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from worked examples, and learning from feedback. HCI work which attempts to support these

processes is also covered. The chapter then hones in on learning in relation to music mixing, and

a learning framework is proposed based around four key music mixing competencies identi�ed

within the literature. Finally, the chapter surveys work that explores how to make learning

meaningful and engaging, and covers connected learning (Ito et al., 2013), authentic learning

(Shaffer and Resnick, 1999) and local learning ecologies (Hodgson and Spours, 2013). This latter

section of the literature review had a signi�cant in�uence upon the work conducted in Chapter

4, whilst the earlier literature around individual and interpersonal learning had a signi�cant

in�uence upon all the artefact design iterations presented in this thesis, and the research presented

in the forthcoming data chapters.

Chapter 3 describes the methodology used in the thesis. The rationale and implications of

the design-based research approach are explained, drawing upon the work of Barab and Squire

(2004). The data collection and analysis methods employed are also explained, with an emphasis

on the Thematic Analysis work of Braun and Clarke (2006). Finally, an overview of the Remix

Portal design iterations are presented, the data that informed each iteration is summarised, and

the origins of this data explained.

Chapter 4 contains descriptions of two research studies which aimed to probe research

question 1:Can music remixing activities support the formation of a local learning ecology

involving young people and established local musicians, and if so, what factors are important in

the design of the tools and social con�guration?The �rst of these studies was conducted over

three sessions at a secondary school and involved 41 student participants and three groups of

musician participants. The second study was conducted at a primary school over the duration

of �ve sessions and involved 28 student participants and two sets of musician participants. The

�rst study involved a basic Remix Portal interface whilst the second study utilised a Remix

Portal interface with embedded text feedback tools. The �ndings from this work revealed the

potential for a local learning ecology to form around music remixing activities, due to the positive

experiences reported by contributing student participants, musicians and teachers. Text-based

communication helped motivate the student participants, however the data revealed that students

can �nd it hard to interpret the more speci�c, corrective elements of text feedback. This indicates

that text-based feedback's capacity to support music mixing-related knowledge transfer is limited

due to the tacit nature of the activity. This �nding motivated the work presented in the subsequent

chapter.

Chapter 5 addresses research question 2:How can we design technology to support tacit

knowledge transfer through feedback within the context of music mixing skill acquisition?The

show-and-tell feedback interface was developed to explore this question. The show-and-tell

concept involves feedback givers providing a demonstration of a proposed change to a creative

artefact, making clear how the interface tools were used to enact this change, and using a

text feedback component to communicate the thought process that underpinned the artefact

change. The design of this interface is described in this chapter, along with two studies at

further education colleges: One involved 12 student participants, whilst the second involved
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eight student participants. The �ndings from this work revealed that show-and-tell feedback can

offer clearer and more detailed feedback than text-only feedback, and is broadly favoured by

both feedback givers and receivers. This chapter culminates in a discussion of how emergent

issues relating to artistic vision and control could be mitigated through design.

Chapter 6 presents work which explored research question 3:How can we capture and

use expert knowledge in the form of music mixing-oriented worked examples to support music

mixing skills acquisition?The concept explored here is for expert music mixers to provide

example mixes for learners to study prior to the learners working on their own music mixes.

This was inspired by the work of Sweller (2006) who demonstrated that novices perform better

on problem solving tests when they are given time to study experts'worked examplesolutions

prior to the activity, compared with novices who spend their time practising trial and error

problem solving. Whilst music mixing represents a signi�cantly different context to the STEM

(science, technology, engineering, mathematics) context Sweller was working in, participants

(both students and their lecturer) in an exploratory deployment reported experiencing signi�cant

bene�ts from the worked examples. The worked examples promoted active learning, supported

self-paced learning, and fostered the development of key music mixing competencies including

helping the student participants understand the relationships between interface tools and their

impact upon the musical artefact.

Chapter 7 engages with research question 4:How can we design multi-layered interfaces

to support novice to expert transitions within the context of music mixing skills acquisition?

The work builds upon Shneiderman's (2002) conception of the multi-layered interface, and

also draws particular inspiration from cognitive load theory (Sweller, 2011). A multi-layered

iteration of the Remix Portal interface was created. The �rst half of the chapter covers the

design process and was motivated by the challenge of capturing data that could meaningfully

inform the decisions concerning which interface controls would be appropriate at each layer

of the multi-layered interface. Three design activities involving primary school participants

are presented. The second half of the chapter describes an exploratory deployment where the

multi-layered interface was used at an after school club. Participants reported favouring the

multi-layered interface over a single-layer equivalent, and the data suggested that multi-layered

interfaces can help participants avoid the anxiety that may come from using an interface that is

too complex for their level of ability, or, conversely, the frustration that may be induced by an

overly simplistic interface (Csikszentmihalyi et al., 2021). Furthermore, the multi-layered might

help participants acquire what Csikszentmihalyi et al. would classify as a state of �ow.

The �nal chapter offers a discussion which attempts to integrate the �ndings from each

chapter, as well as summarising the work undertaken and contributions made.
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Chapter 2. Literature Review

“Establishing a principled understanding of human learning should be the starting

point for any design and research ambitions involving educational technology. In-

novation is too dif�cult – and it's implementation too fragile – to risk basing it

upon informal and intuitive theories of the learning process.” (Crook and Sutherland,

2017)

2.1. Introduction

This chapter reviews contemporary theories of learning, beginning with theories that pertain to

the individual with the focus on cognitive theories of learning including cognitive load theory

(Chandler and Sweller, 1991), and �ow theory (Nakamura and Csikszentmihalyi, 2014). The

chapter then moves on to cover interpersonal learning, with a focus on apprenticeship learning,

learning from worked examples, and learning from feedback. HCI work which attempts to

support these processes is covered. The chapter then hones in on learning in relation to music

mixing, and a learning framework is proposed based around four key music mixing competencies.

Finally, the chapter surveys work that explores how to make learning meaningful and engaging,

and covers connected learning (Ito et al., 2013), authentic learning (Shaffer and Resnick, 1999)

and local learning ecologies (Hodgson and Spours, 2013).

Whilst this review does not provide exhaustive coverage of theories of learning, the theories

included are highly relevant to the design and/or evaluation of the artefacts that form the

foundation of the design research presented in subsequent chapters. The literature review was

devised in this way in order to best serve the project's aim which isto perform a design-based

exploration of social music mixing; its tools and its impact upon learners. Accordingly, theories

of learning which did not ultimately in�uence the design and/or evaluation of the artefact are

omitted. Table 2.1 indicates the topics covered in this review and the places within this thesis

where they are of greatest in�uence.

2.2. Learning and the individual

This work subscribes to the idea that effective design for learning must begin with a solid

understanding of the mental mechanisms which underpin learning, as technology created to

�t these mechanisms will stand the best chance of fostering learning. A good place to begin

may be to ask what constitutes learning. One view is that learning's goals are remembering

and understanding. Instructors can test the effectiveness of their lessons by using recognition
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2.2 Learning and the individual

and recall tests to gauge remembering, which indicates the quantity of learning that occurred;

and transfer tests to measure understanding, which relates to the usability of the information

learned (Mayer, 2005). From a psychological perspective, learning can be viewed as changes to

a person's long-term memory structure (Sweller, 2005). However, information must undergo

a fairly complex process before it can be integrated into a learner's long-term memory. This

process is described by cognitive learning theory, which is presented in the following subsection,

followed by cognitive load theory which explores key bottlenecks to the learning process, then

multimedia learning and learning through multiple representations which are aspects of cognitive

learning theory which are pertinent to this thesis' topic.

2.2.1. Cognitive learning theory

Atkinson and Shiffrin (1968) proposed a three stage model that describes the processes informa-

tion must undergo before it can be successfully integrated into a person's memory store. First is

the sensory memory stage: Information enters through the senses, and where the information

is complex a learner must pay active attention in order for it to be passed to the next stage.

Short-term memory stage: Information can only be held in short-term memory for around 30

seconds and during this time a learner must work with this information in order to integrate and

encode it into their long-term memory store. Long-term memory is unlimited in capacity and

accessing information stored in long-term memory requires retrieving it into short-term memory.

Many subsequent researchers have advanced this 3-stage model. For example, we now

believe there are a number of different types of sensory memory which temporarily hold stimuli

collected by our various senses. This includesiconic memorywhich holds visual stimuli, and

echoic memorywhich holds auditory stimuli, as well ashaptic memorywhich relates to our

sense of touch (Winkler and Cowan, 2005).

A key evolution in the information processing model was to replace short-term memory with

a three-component working memory model. Working memory comprises a phonological loop

which handles the processing of verbal / auditory information, a visuospatial sketch pad which

handles the processing of visual information, and a central executive which organises these

processes and connects them with long-term memory (Baddeley and Hitch, 1974; Goldstein,

2014).

Of course, most of the information we encounter through our senses will never become

encoded into long-term memory. Input to sensory memory is �ltered byselective attention

which removes unimportant stimulus and only sends through the attended to information to

working memory. A person can exert control of this �lter by choosing to focus on a particular

sense (Cowan, 1988). At the working memory stage, information may be lost if the very limited

capacity is exceeded. This was thought to be 7 items +/- 2 (Miller, 1956), however researchers

now lean towards thinking 3 to 5 items represents a more realistic number, and it will vary

depending upon contextual factors such as the characteristics of the individual and the nature of

the information to be retained (Cowan, 2010). Regardless of the speci�cs, stimuli that enters

working memory must be organised and rearranged into meaningful mental representation which
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then stand a chance of activating prior knowledge from long-term memory. If the information

fails to activate prior knowledge in long-term memory then it stands a high chance of being lost

(Goldstein, 2014).

Generative learning (Fiorella and Mayer, 2016; Mayer, 1996) aims to optimise learning

potential given the constraints imposed by the human information processing mechanism. They

claim that learning must involve three cognitive processes: (1) Selecting: Learner must pay atten-

tion to stimuli of interest, (2) Organising: They must meaningfully organise and rearrange stimuli

in working memory, (3) Integrating: They must integrate information with prior knowledge

in order to generate meaning. The implication of this is that educators should try and support

generative learning whenever possible.

This section has thus far presented the cognitive perspective on the learning process, and

has touched upon obstacles to this process in terms of working memory's limited capacity, and

how learning might be optimised. The following subsection covers cognitive load theory which

explores the implications of working memory's limited capacity in greater detail.

2.2.2. Cognitive load theory

Cognitive Load Theory (Chandler and Sweller, 1991; Sweller, 1988) views working memory as

the gatekeeper to learning, and emphasises it's limited capacity which effectively creates a key

bottleneck in the learning process. The implication is that teachers and instructional designers

can best support learning by representing information in ways that do not overburden our limited

working memory resources. Speci�cally, the claim is that a learner's working memory will

face three concurrent loads: There is anintrinsic loadassociated with the dif�culty inherent in

the task, agermane loadwhich is the burden associated with integrating information into their

mental schemas, and anextraneous loaddue to the effort required to process the task instructions.

When the task is challenging the intrinsic load will be high, and so the learning materials must

be made as comprehensible as possible so as not to place too high an extraneous load on the

learner and therefore overburdened working memory such that there is not enough resource left

to handle the intrinsic and germane loads effectively (Paas et al., 2003).

A number of important effects have been observed which inform our understanding of the

origin and nature of extraneous cognitive load, and these effects have important implications for

the production of learning materials. Important effects which will be subsequently explained

include the modality effect, the spit-attention effect, the worked-example effect, and the expertise

reversal effect.

The modality effect follows from the observation that information presented in both visual

and auditory modalities will exert less extraneous cognitive load than when the information

is presented in a single modality. For example, presenting a diagram accompanied by spoken

narration is more likely to aid learning than presenting the diagram accompanied by written text.

The modality effect is consistent with the idea that working memory has separate visual and

auditory processing systems, and therefore a greater quantity of information can be processed

when it is effectively split between auditory and verbal modalities (Mousavi et al., 1995).
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The split-attention effect describes the burden imposed upon someone when different types

of information are used within a single modality (Chandler and Sweller, 1992). For example, if

someone is presented with a diagram, labels and explanatory text, despite this all being visual

modality information their attention will be split between these items. The extraneous cognitive

load can be lowered if the information is integrated, which may be possible in the example by

presenting the labels and explanations within the diagram.

The worked-example effect states that learners will face a lower extraneous cognitive load

if they are given time to study example problem solutions prior to tackling similar problems

themselves, compared with when trial and error problem solving or discovery learning is used as

the instructional method (Sweller, 2006).

The expertise reversal effect states that whilst novices to a domain bene�t from comprehensive

guidance, such guidance may actually hinder learning in those with a signi�cant amount of

preexisting domain knowledge. This is explained by considering that learning involves integrating

new information with prior knowledge to construct complex mental representations in long-term

memory. As novices will possess little to no preexisting domain knowledge, assuming the

instructional materials are clear, schema construction can proceed in a straight forward manner,

building the new knowledge structures guided by instructional materials. However, schema

construction is more complex for those with relevant prior knowledge as they cannot follow the

instructional materials guidance alone, but instead must work to integrated the information in

this guidance with their prior knowledge and resolve any con�icts or contradictions that they

encounter along the way. This is substantially more demanding of working memory (Kalyuga,

2009).

Cognitive load theory and its associated effects can be operationalized by designers to

improve the usability of the interfaces they produce (Oviatt, 2006). Cognitive load theory was

used in this way whilst designing and/or evaluating the interfaces presented in Chapter's 5, 6,

and 7.

2.2.3. Mayer's cognitive theory of multimedia learning

Mayer's cognitive theory of multimedia learning (CTML) builds upon cognitive learning theory,

integrating the dual channel perspective of separate auditory and visual processing, cognitive

load theory, and generative learning principles (Mayer, 2005). It serves both as an explanatory

theory of how learning with multimedia can occur, and as an instructional design theory helping

educators present verbal (words) and visual (pictures) information in ways that will best foster

learning. A key assertion is that people learn better from a combination of text and pictures, than

from text alone (Mayer, 2005, p47).

Figure 2.1 depicts the cognitive processes assumed by CTML, and how they handle the

presentation of words and pictures. Pictures effectively take the top path depicted in the diagram:

They enter sensory memory through the eyes, and through selective attention can be transmitted

to working memory where they are handled by the image processing mechanism which will

work to organise them into a pictorial model before integrating this model with prior knowledge
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Figure 2.1Myer's cognitive theory of multimedia learning

and placing it in the long-term memory store. Spoken words will take the lower path: They enter

sensory memory through the ears, and if passed to working memory they will be handled by the

sound processing mechanism. The spoken words will then be organised into a verbal information

model which will then be integrated with prior knowledge before being stored in long-term

memory. Written words take a slightly different path as they will enter working memory through

the eyes, and will be passed to working memory as images. However, working memory must

then recognise that the images contain text, realise it is better dealt with by the sound processing

mechanism and pass the information accordingly. The textual information is then processed in

the same way as spoken words, being built into a verbal model before being integrated with prior

knowledge and stored.

There are a signi�cant number of instructional implications arising from CTML. The overar-

ching goal is to promote the active learning processes of selecting, organising, and integrating,

whilst not overload working memory. Mayer (2005, p6) offers the following principles to support

this goal:

• Multimedia principle: People learn better from words and pictures than from words alone.

• Split-attention principle: People learn better when words and pictures are physically and

temporally integrated.

• Modality principle: People learn better from graphics and narration than from graphics

and explanatory text.

• Redundancy principle: Information is easier to comprehend when it is presented in a single

format.

• Segmenting principle: People learn best at their own pace which can be supported by

segmenting media presentations into short chunks.

• Pre-training principle: People learn best when they are familiarise with key names, charac-

teristics, and/or vocabularies before the main media content is presented.

• Coherence principle: People learn best when extraneous material words/pictures/sounds

are excluded.
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• Signalling principle: People learn best when important information is highlighted to them.

• Spatial and temporal contiguity principles: People learn best when corresponding words

and pictures are placed near to each other spatially and temporally.

• Personalization principle: People learn best when narration takes an informal, conversa-

tional style in a familiar accent.

• Voice principle: a real human voice aids learning more than a robotic voice.

• Image principle: people don't learn better when a speaker's image is added to the screen.

Mayer's cognitive theory of multimedia learning and its associated principles were particu-

larly useful to the design and evaluation work presented in Chapters 5 and 6.

2.2.4. Learning through multiple representations

There is a strong parallel between some of the pillars of cognitive load theory and work around

multiple representations which emerged from the study of STEM (science, technology, engineer-

ing, mathematics) education. Multiple representations (Goldman, 2003) means the presentation

of information to learners in multiple forms, and two approaches proved fruitful: Firstly, each

information representation would be targeted towards a a different sensory system (Ice et al.,

2010). Typically, one will target the visual system and one will target the auditory system. This

approach is underpinned by a dual-processing assumption, as was the case with cognitive load

theory. The second approach to multiple representations is to pair descriptive and depictive

representations (Ainsworth, 2006). For example, early work in this area found that readers' text

comprehension could be improved when pictures were presented alongside the text (Levin, 1987).

This latter approach is thought to be bene�cial because a depictive representation can serve to

constrain interpretation of a more complex and inherently ambiguous descriptive representation,

thus lightening the processing burden (Schnotz, 2002). Similarly, depictive representations can

enable information searching and recognition to be handled by external perceptual processes as

opposed to the cognitive operations which might be required to extract the same information

from a descriptive representation (Larkin and Simon, 1987).

The work on multiple representations underpins the concept of grounded feedback, where

the idea is that an easy to comprehend representation is used to help learners get to grips with a

more complex representation. Wiese and Koedinger (2017) present an example using grounded

feedback to help children learn fractions: They assert that it can be challenging for novices to

grasp that 1/10 is less than¼ as they may look to the denominator, realise that ten is greater than

the four, and then mistakenly infer that the 1/10 fraction is greater too. In a grounded feedback

scenario, the students work with the numerical fractions and submit answers in this form, but

have their answers translated and returned as a graphical plot of the fraction values. These plots

should be comprehensible enough to trigger a self-evaluation process and make clear to the

students that¼ is in fact greater. Thus, the depictive value plot representation serves to help the

students gain competency with the more complex descriptive numerical representation.
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Whilst grounded feedback is an important example of how multiple representations and

feedback can be paired to enhance learning, there remains much room to explore how multiple

representations might be utilised within feedback, beyond using them to trigger self-veri�cation

of task responses. Such an exploration is presented in Chapter 5.

2.2.5. Flow theory

The work presented in this literature review has, up until now, focused on work derived from

cognitive learning theory. This subsection moves in another direction and focuses on the concept

of �ow (Nakamura and Csikszentmihalyi, 2014) which describes a speci�c mental state. Flow

states are characterised by complete mental absorption in an activity, enjoyment of that activity,

feeling energised, and loosing awareness of time passing (Csikszentmihalyi et al., 2021). Flow

has been considered an optimal experience, as a person in a �ow state will feel in �rm control of

their activity despite possibly operating near the limits of their capabilities (Csikszentmihalyi,

1990).

Flow has been studied in learning contexts, and it is believed that �ow is good for learning as

during �ow states students are observed being deeply immersed in in a learning activity (Shernoff

et al., 2014). Students are more likely to experience �ow when they view the challenge associated

with a task as being well matched to their own skills, and particularly when they perceive a

dif�cult challenge but one they are well equipped to deal with. Flow is also linked with students

having received relevant task instructions, and believing they have control over their learning

environment (Rodríguez-Ardura and Meseguer-Artola, 2017; Shernoff et al., 2014). Flow is more

likely to occur when students are engaged in individual or group work, as opposed to listening to

lectures or watching instructional videos. The instructional implications of this are the educators

should try to help learners achieve a state of �ow by ensuring the challenges imposed by learning

activities are balanced against the learners' level of skill (Csikszentmihalyi, 2000; Shernoff

et al., 2014). Figure 2.2 depicts the �ow channel that a person might �nd themselves in when

a task challenge is well matched to their level of skill. As Csikszentmihalyi (2000) asserted,

should the task challenge be considered too easy for their current skill level, the person will be

unable to attain �ow and may instead experience boredom, however, should the task challenge

be considered too dif�cult, the person will miss out on �ow and is likely to instead experience

anxiety. If �ow is obtained the learner should engage optimally with their work which will lead

to further skill acquisition. This then necessitates the alteration of the learning tasks to increase

the challenge in proportion to the learners' new level of skill, in order to try and keep the learners'

within the �ow channel. Flow theory proved particularly bene�cial to the work presented in

Chapter 7, where it was used to help evaluate the utility of the multi-layered interface explored

in the chapter.
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Figure 2.2Flow theory and the �ow channel

2.3. Interpersonal learning

The work previously covered in this chapter focused on learning and the individual, but learning

cannot be considered exclusively at the individual level because there are social in�uences which

have a marked impact on someone's ability to learn. Accordingly, interpersonal learning is

covered in this section, however the section commences with the classi�cation of knowledge

into two types–explicit and tacit–as this lays the foundations for the discussion of learning from

apprenticeships which follows.

2.3.1. Explicit and tacit knowledge

Knowledge can broadly be classi�ed as either explicit or tacit (Smith, 2001). Explicit knowledge

is that which can be codi�ed and communicated relatively easily between people (Roberts, 2000).

It is the type of knowledge found in textbooks and communicated verbally during lectures. Tacit

knowledge, on the other hand, is embodied within human actions, and can be thought of as the

stuff we can do but cannot tell (Polanyi, 2009). Riding a bicycle is one such tacit competency;

whilst we might be able to describe how a bike is ridden, we can't give someone this information

in a form that would encompass theknow-hownecessary for successful action (Polanyi, 1966).

Tacit knowledge plays a signi�cant role in many of the things we do, as feats of percep-

tion, recognition, attention, information retrieval, and motor control are all tacit competencies

(Dahlbom and Mathiassen, 1993). As the topic of this thesis involves music mixing, it is worth
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acknowledging here the central role tacit knowledge plays in craft-based practices (Keller and

Keller, 1991; Liu et al., 2019; Sennett, 2008), including music mixing (Horning, 2004; Kealy,

1979), where sensory, non-linguistic forms of knowledge predominate (Schindler, 2015). Mu-

sic educator Alton Everest eloquently describes a sound engineer's music mixing process and

explains how this tacit competency is acquired (Everest, 2007):

“Listening intently the sound engineer deftly makes a small adjustment to one

of many console channels before him. He registers satisfaction at what he has

accomplished by that tiny change. A bystander might listen hard without detecting

any change whatsoever in the sound. Observing the sound engineer at work over

a period of time would give a person a keen appreciation of his skill and artistry. . .

How did he get this ability? It was built up by listening experiences which were

built up one at a time, incident after incident, day after day, year after year”

Unfortunately, tacit knowledge is dif�cult to transfer between people, largely due to our

inability to recognise and articulate it (Haldin-Herrgard, 2000). This is particularly problematic

for our modern education systems which are constructed to ef�ciently transfer explicit knowledge

(Collins et al., 1988). Tacit knowledge transfer has proven successful through traditional

apprenticeship systems (Agyemang and Boateng, 2019) and within communities of practice

(Lave et al., 1991), where long-term engagement with mechanisms such as observation, imitation

and practice (Siesfeld et al., 2009) as well as demonstration and guiding (Collins, 2010) serve

to facilitate this transfer. Indeed, most of the acclaimed music mixing engineers followed an

apprenticeship path; starting out as assistants who learned by watching and listening as their

mentors worked (Owsinski, 2013).

2.3.2. Instructional approaches to apprenticeship learning

A group of in�uential researchers led by Allan Collins have explored incorporating bene�cial

aspects of apprenticeship learning within formal education systems (Collins, 1991; Collins et al.,

1991, 1988). In these contexts masters/experts can be relied upon to take a more active role

in the tacit knowledge transfer process than may occur in traditional environments (Collins,

2010). This modern pedagogy involves three key processes ofmodelling, coachingandfading, as

described in (Collins et al., 1988): Modelling is based on the traditional process of the apprentice

observing their master's work and methods, but also incorporates the master explaining their

underpinning thought process. Over time, the apprentice's observations combined with this

strategic information, help them gain a detailed conceptual model of the processes involved in

completing the work task. This will not only help them transition towards being able to complete

the task themselves but will also serve as an interpretive structure to help them make sense of the

feedback, hints and corrections that coaching entails.

Coaching describes the support the master provides as the apprentice tries to undertake the

work themselves. It can involve directing the learner's attention to previously unnoticed aspects

of a task, or the expert carrying out parts of the task that the apprentice cannot yet manage. The
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intention is to use feedback, corrections, hints, reminders and modelling to scaffold the learner

to a higher level of ability.

Fading describes how the scaffolding provided via the coaching is reduced over time as the

apprentice gains competency and thus no longer requires as much support.

2.3.3. HCI work around tacit knowledge transfer

A common approach taken by researchers exploring tacit knowledge acquisition within craft

domains is to use sensors to measure and monitor experts' movements thus capturing the output

of their tacit competency. This has been used in relation to pottery (clay throwing) (Liu et al.,

2019) where visualisations of participants' hand movements were used to support their tacit

knowledge acquisition through `re�ection-on-action' (Schön, 2017). It is unclear however,

whether this process would support tacit knowledge transfer, by for example, having a novice

re�ect upon visualisations of their performance in comparison to that of an expert. This was

certainly not an angle explored by the authors in this work.

An alternative but related approach involves using sensor data to create a model of an expert's

physical craft activity. A system can then compare a novice's real-time performance to the expert

model and offer coaching feedback to help scaffold the novice's performance closer to that of

the expert, by informing them when their movements differ from the expert model (Bernal et al.,

2015; Hiyama et al., 2013). Another approach uses haptic devices to let a novice `feel' the

movements that went into producing an expert's work (Saga et al., 2005).

Whilst these sensor-based approaches hold some promise for physically-oriented tacit knowl-

edge acquisition and transfer, they fail to communicate the expert's overarching thought process

so they will not help learners develop full conceptual models of the work activity. Furthermore,

the complexity and cost of the necessary equipment may limit the potential for mass adoption.

However, sensing challenges may be less problematic in other domains. For example, smart-

phones can be used to aid tacit knowledge acquisition relating to music by recording singing

or detecting screen taps before feeding back, to help people perceive their pitch or rhythmic

accuracy, as was demonstrated by Debevc et al. (2019). They trialled their smartphone app

with 42 young people (aged 9-13) and concluded that it improved performance in terms of the

participants' ability to judge musical intervals – i.e. the tonal gaps between notes – as well as

their rhythmic accuracy. It should be noted that this work did not explore tacit knowledge transfer

from one person to another; instead the intention was to support tacit knowledge acquisition by

the individual through the feedback the system provided. Secondly, the types of tacit knowledge

supported here are well matched to the modalities supported through the smartphone, with the

microphone supporting auditory information, and the touchscreen supporting tactile information.

Types of tacit knowledge that are not as well matched to the sensing capabilities of a smartphone

are likely to be far more dif�cult to support at scale.
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2.3.4. Worked Examples and their relationship to music mixing

Worked examples (Sweller, 2006) emerged from the study of cognitive load, and were touched

upon earlier in this chapter whilst explaining cognitive load theory – see section 2.2.2. However,

their signi�cance to Chapter 6 dictates that they should be covered in more depth, and the social

aspect of their creation and use means that it is appropriate to do so in this section. Worked

examples involves providing an expert's problem solution for learners to study, prior to the

learners trying to solve similar problems by themselves (Atkinson et al., 2000). As mentioned,

the approach was born out of cognitive load theory, which views working memory as a key

bottleneck in the learning process. Learning via trial and error problem solving is particularly

taxing of working memory, whilst learning from an expert by studying their work is signi�cantly

less taxing (Sweller, 2006). Worked examples invoke cognitive processes re�ective of this

latter situation and have been shown to help learners develop knowledge that allows them to

outperform peers who have been trained with problem solving practice alone; this is known as

the worked-example effect (Rourke and Sweller, 2009). Worked examples have mainly been

explored in STEM domains (science, technology, engineering and mathematics), where problems

are well-de�ned in that they possess clear goals, solutions paths and expected solutions (Holyoak,

1990). However, Rourke and Sweller (2009) have argued, drawing on Greeno (1976), that

worked examples should also prove applicable to ill-de�ned problem domains such as the arts.

Rourke and Sweller (2009) reported two experimental studies where the goal was to test whether

worked examples could help students develop the ability to recognise furniture designers' styles.

This subject matter was judged to represent an ill-de�ned problem because the solution path

could vary. Speci�cally, a designer's style will consist of a number of traits, and one could

recognise their work by picking up on some combination of these traits. The combination that

leads to a solution, i.e. successful identi�cation, is likely to vary from person to person. These

studies demonstrated that learning from worked examples can be more effective than learning

from problem solving exercises in this ill-de�ned space.

The work of Rourke and Sweller (2009) described above is particularly relevant to the topic

of this thesis because the problem of how to approach the task of mixing a piece of music

can also be described as an ill-de�ned problem. It is problematic in that most music mixers

(including novices), upon listening to pre-mixed audio, would consider its state unsatisfactory

and a likely impediment to the music's optimal engagement with the target audience. Nearly all

music goes through a mixing process prior to its public release to"enhance the music: it's mood,

the emotions it conveys, and the response it should incite"(Izhaki, 2013, p8) and thus when

a good mix is produced the problem is resolved. I would argue that music mixing represents

a more ill-de�ned problem than the designer's styles recognition problem because the music

mixing problem can lack a clear goal, solution path and expected solution, whereas the design

problem only lacks a clear solution path.

Let us �rst consider the goal of the music mixing problem. Whilst the central goal is

obviously to make the music sound better, 'better' is a subjective term. A music mixer may

thus consider the aesthetic tastes of the musicians whose work they are mixing and/or those
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of the anticipated audience in order to try and derive a vision for what may constitutebetter.

Unpacking the term in this way reveals how ill-de�ned the central goal of the music mixing

problem is. Assuming a novice mixer does identify a goal, or at least begins mixing guided by

intuition, the next challenge they face is that the solution path is not well de�ned. In fact, the

processes successful music mixers employ (i.e. their solution paths) can vary greatly and are

often a source of intrigue for amateurs and novices; books have been written on the subject such

as The Mixing Engineers Handbook (Owsinski, 2013). The topic is also of interest to academic

research with work published in a number of journals including the Journal on the Art of Record

Production – see e.g. (Anthony, 2017), (Toulson and Ruskin, 2008), (Mynett, 2012). Finally, I

would argue that the optimal solution is also ill-de�ned, again due to the subjective nature of the

domain, because what one person would consider a great and engaging music mix may not be

the case with the next person. There is another, perhaps more fundamental issue which should

be addressed, and it is that novice music mixers may not even possess suf�ciently developed

listening skills to recognise all the problematic features of the audio (Everest, 2007, p. viii).

These contextual issues separate music mixing from other domains where worked examples have

been explored.

Mwangi and Sweller (1998, p174) asserted that "the structure of worked examples may

substantially compromise the bene�ts derived from studying them", therefore the design of music

mixing worked examples must be carefully considered as the design is so closely linked to their

ability to help people learn.

2.3.5. HCI work around Worked Examples

Thus far, there has been little HCI research exploring worked examples. Mahoney (2018)

represents one of the few publications in this area. Working in a computer programming

education context, Mahoney created a tool to help produce worked examples which were

intended to support metacognitive modelling of the expert instructor's programming practice.

The tool enabled programming sessions to be recorded and annotated with information detailing

the reasoning behind the steps taken. Students could then replay these sessions as animations

and engage with the annotations. Survey responses from 26 student participants who trialled the

system indicated strongly positive feelings towards the insights gained into the expert instructors

programming process. This work is highly relevant in that it demonstrates the potential for

worked examples to support cognitive modelling, albeit in a different context to the music mixing

context of interest to this thesis

Aleahmad et al. (2008) described a novel tool to support the community authoring of maths-

focused worked examples. They conducted an experiment asking people to create a worked

example teaching Pythagorean Theorem, and then they rated the resulting worked examples,

concluding that all their participants created worked examples of value. Whilst this shows

the promise of crowd sourcing worked examples, the study was rather contrived in that strong

scaffolding was given to support the creation of the worked examples, and such strong scaffolding

may be inappropriate in a more �exible–and therefore practical–authoring system. Furthermore,
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the researchers did not evaluate the design of their authoring tool and therefore no lessons were

shared regarding how to design tools to support the creation of worked examples.

Lui et al. (2008) developed a tool which enabled students to share their laboratory work

as worked examples for the potential bene�t of their classmates. The authors claimed that the

advantage of their system is that it is capable of presenting a range of problem solutions within

the worked examples, and they go on to argue that studying several of these could generate a

set of schemas which will strengthen students problem solving abilities. However, it is unclear

from the reported results how often and how deeply students were engaging with more than one

worked example per problem. The results did reveal that students were more con�dent in the

worked examples when they knew they came from the instructor, and less con�dent when they

believed the worked examples came from a peer. This �nding reveals an obstacle that researchers

may need to address should they take this kind of approach forward.

HCI researchers are frequently concerned with collecting evidence which can inform the

design of their artifacts. The design of systems to support the production and/or consumption of

worked examples should similarly be evidence driven. To this end, a number worked example

studies become relevant. For example, (Joentausta and Hellas, 2018) revealed the importance

of including subgoal labels with worked examples. That is to say, they demonstrated via

experimental work that worked examples are more effective when the steps used to solve a

problem are clearly demarcated so as to help a learner understand the process by which the

problem was solved. Similarly, Salden et al. (2008) indicated that adaptive fading of the worked

examples can lead to higher learning gains compared with non-faded worked examples. This

was evidenced through tests conducted after participants had engaged with the worked examples.

However, this work was not at a scale, and the reporting not in suf�cient detail, to give a great

deal of con�dence in the generalisability of these �ndings.

2.3.6. Feedback for learning

Feedback has been cited as one of the top in�uences upon learning and achievement, ahead of

factors like whether students are assigned homework, their socioeconomic status or the size of

their classes (Hattie and Timperley, 2007). Within the research community there is a general

orientation towards viewing feedback as information provided to someone in order to try and

reduce the gap between their current level of ability and a desired level of ability (e.g. (Sadler,

1989)). Effective feedback requires that recipients are able to make sense of the information

they receive, and understand how they can use it to enhance their future performance (Boud

and Molloy, 2013). However, students can have a particular problem with written feedback due

to dif�culty in deciphering the language and terminology used by their tutors (Carless, 2006),

and whilst face-to-face feedback presents opportunities for clari�cation (Boud et al., 2013), its

ephemeral nature can hinder information retention (Ryan et al., 2019).

Whilst such surface level features are important, the content of the feedback is highly

signi�cant yet creating effective content is not necessarily intuitive. Shute (2008) argued that

effective feedback will contain both veri�cation and elaboration information, with the veri�cation
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component conveying the correctness of a learners' work or performance, and the elaboration

component providing explanation, worked examples or guidance. Kluger and DeNisi (1996)

showed that feedback addressing correct aspects of performance is far more effective than

feedback addressing incorrect aspects. Hattie and Timperley (2007) identi�ed four targets

towards which feedback is typically aimed and argued that feedback's effectiveness is closely

linked to the selected aim. Least effective is feedback focused on the recipient as a person and

disconnected from the central task e.g. “you're a great student”. Feedback aimed at the learning

task will be more effective, however the bene�ts do not always propagate beyond the immediate

task context. The third classi�cation is feedback aimed at improving the recipients' strategic and

problem solving skills more broadly – they call thisprocess levelfeedback. Finally, feedback

may be targeted towards improving the recipient's self-regulation, which would encompass

feedback intended to help and encourage recipients to self-evaluate, remediate, and ultimately

become con�dent, self-directed learners. Hattie and Timperley (2007) claim that the very best

feedback will contain an appropriate mixture of task, strategy, and self-regulation feedback.

Shute (2008) takes a simpler approach to feedback content classi�cation, distinguishing

between facilitative and directive feedback: Facilitative feedback tends to be non-speci�c and

is intended to guide the learner towards self-re�ection and undertaking their own revisions and

conceptualisations. Directive feedback, in contrast, is more speci�c and informs the learner of

what needs to be �xed or revised. Elaborate, directive feedback is capable of scaffolding learners

to higher levels of ability through the inclusion of models, cues, prompts, hints, partial solutions,

and direct instruction (Hartman, 2002), which overlaps signi�cantly with the concept of coaching

(Collins et al., 1988). There is evidence that directive feedback, in comparison to facilitative

feedback, can decrease cognitive load (Moreno, 2004) thus enhancing learning (Kluger and

DeNisi, 1996; Sweller et al., 1998). Furthermore, knowledge retention may be enhanced when

directive feedback contains the correct answer (Phye and Sanders, 1994).

Who gives the feedback matters too. Palloff and Pratt (1999) found that task-domain experts

are likely to produce higher quality feedback due to their enhanced ability to analyse and frame

problems in the domain. The feedback recipient's perception of this level of expertise is also

important, with feedback more likely to be dismissed when it is perceived to come from a

non-expert (Gielen et al., 2010).

Whilst much is known about how the content of feedback and perceptions around the

expertise of the feedback giver can impact learning, a potentially signi�cant but less explored

factor in�uencing its effectiveness relates to the way the feedback information is represented. As

described earlier in this chapter, learners have been shown to bene�t when feedback is presented

using multiple representations (Ainsworth, 2006; Ice et al., 2010; Wiese and Koedinger, 2017).

Whilst much of the multiple representations work centred on STEM subjects (science, technology,

engineering, mathematics), it appears relevant to the creative arts too. For example, researchers

investigating an online photography critique community found some participants had adopted

a practice of downloading, revising and re-uploading photos in order to demonstrate proposed

edits, instead of trying to describe them via text alone. This naturally occurring use of multiple
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representation feedback was performed in order to compensate for the limitations inherent in

text-based feedback representations (Xu and Bailey, 2012). Multiple representation feedback

may therefore be bene�cial in a range of similar artistic domains where people are working with

non-text artefacts.

An important issue relating to feedback within artistic domains is that `correct' in these

contexts is frequently considered more a matter of subjective aesthetic judgement than objective

truth (Bergmann, 1994; Tinapple et al., 2013). Moving away from single-expert feedback can be

useful in many domains (Cho and Schunn, 2007) but may be particularly important here because

if aesthetic sensibilities are mismatched, purposeful artistic choice could be misinterpreted as

oversight or error. Critique sessions can overcome this issue and are common within formal

arts education, where learners receive feedback from multiple individuals and bene�t from the

range of unique perspectives this entails (Tinapple et al., 2013), in a manner not dissimilar to

the previously described photography critique community that operated in an informal learning

context.

2.3.7. HCI work around digital feedback systems

Many researchers have put effort into developing computer systems that support the provision of

feedback to learners. They are often motivated by a desire to reduce the burden that creating

feedback places upon instructors, particularly when education occurs at scale, and a number

of strategies aimed at tackling this problem are emerging. One such strategy involves creating

systems that can produce computer-generated automatic feedback (Gramoli et al., 2016; Malmi

et al., 2002; Suzuki et al., 2017), another approach is to focus on the reuse of instructor's written

feedback (Ngoon et al., 2018) or the grouping of submissions with similar errors to enable the

instructor to send one piece of feedback to many learners (Head et al., 2017). Further strategies

involve looking to alternative sources for feedback, including peers (Cho and Schunn, 2007;

Shannon et al., 2016; Tinapple et al., 2013) and the crowd (Dow et al., 2013; Wauck et al., 2017).

A common view is that when feedback is created by non-expert educators, it may lack the

quality necessary to enhance learning unless these feedback givers are adequately supported

throughout the process (Kulkarni et al., 2013; Ngoon et al., 2018; Yuan et al., 2016). Researchers

designing feedback systems typically address this by creating mechanisms to scaffold the

feedback creation process in some way. For example, Ngoon et al. (2018) start with the belief

that feedback should be speci�c, actionable, and justi�ed. They implemented a text analysis

system that would monitor feedback as it was being created, and would inform the feedback

giver when their text matched any of these criteria (i.e. when it was speci�c, actionable, and/or

justi�ed). Essentially this helped produce more effective feedback and also helped to train the

feedback givers to produce higher quality feedback than may otherwise have occurred without

support.

An alternative approach to supporting non-expert feedback provision was taken by Shannon

et al. (2016). Working in a class presentation context, they tried to support the production

of feedback that is relevant, copious, timely, diverse, and re�ected on. Their system enables
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feedback seekers to set questions that will serve to guide the feedback givers when reviewing their

work. Whilst the authors claimed a successful evaluation, their study design did not involve direct

comparison between their system and any other feedback systems or approaches and therefore

the validity of their claims could be questioned. Yuan et al. (2016) approached the challenge by

developing a rubric which exposes different dimensions of a task, and thus encourages feedback

givers to broaden their feedback by addressing these dimensions. This was claimed by the

authors to signi�cantly improve the feedback created by novices in a creative design context.

However, it is unclear whether this improved non-expert feedback ultimately translated into

improved designed artefacts or enhanced learning. Other types of structural device aimed at

supporting feedback givers include the use of directed questions, such as“was the material easy

to understand, well organized and free from redundancy?”(Miller, 2003), or adding sentence

openers to text-entry boxes that feedback givers use, thus giving them something to elaborate on

(Baker and Lund, 1997). Whilst the previous two citations evidence the bene�t that scaffolding

can bring to the quality of the feedback produced, it should be noted that some researchers raise

concerns regarding the potential for heavily structured feedback creation mechanisms to harm

feedback givers' motivation (Gielen et al., 2010) and to hinder their natural communication

(Lazonder et al., 2003).

The above descriptions should give some indication of the wide variety of approaches that

researchers have explored in relation to the provision of feedback through digital system. Yet

there is little work exploring the potential that feedback technologies centred around non-text-

based, or non-verbal information representations might have upon learning. The work presented

in Chapter 5 aims to help address this gap.

2.3.8. Feedback within traditional music mixing learning environments

A solid understanding of how feedback operates within traditional co-located, music mixing-

focused learning environments should be gained before any serious attempt can be made towards

designing and developing a digital tool based around these processes – as was an objective of

this thesis with the resulting work presented in Chapter 5. What follows is a description of a

typical feedback scenario based on countless observations over the course of my career in music

education. This is followed by an analysis of how feedback information is represented within the

scenario, and the purpose towards which the feedback is aimed.

A novice sits behind a music mixing desk in a recording studio. They have spent a

considerable amount of time listening to a piece of music, noticing features within

the music they would like to enhance or correct, and have attempted to use the

controls set out on the mixing desk to adjust these aspects of the music. This process

goes on until the novice feels they cannot improve the music any further, at which

point they go and �nd their mentor – an expert music mixer - and ask them for their

feedback. Upon listening together the expert notices aspects which they feel require

additional processing. They try and describe what they are perceiving to the novice,

“the bass guitar sounds too muddy” or “it sounds like you're going for a dance track,
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in which case I think you should increase the volume of the kick drum to make it

more in keeping with the norms of the genre”. They then offer to show the novice

the corrective processing they would apply to �x the issue. The novice accepts and

watches as the expert selects one of the dials from the hundreds housed within the

mixing desk, and as the expert twists it the novice listens in order to try and tune

into the dimension within the music which the dial is impacting. The expert gives a

running commentary; explaining what they are listening for and why they chose the

speci�c dial. When the expert has �nished applying the corrective processing they

toggle a button beside the dial to switch their processing contribution off and on,

in order to help the novice identify the sonic change their processing has imparted.

Perhaps they adjust more controls on the mixing desk in a similar manner, trying to

further re�ne the musical artefact, or perhaps they stop there having demonstrated

how to correct the most obvious �aw.

In the example above, feedback is represented in three distinct forms: (i) Auditory/words;

as the expert describes their actions and thought process. (ii) Auditory/music; information is

encoded within the music and the act of switching between pre/post audio processing states via

the on/off button helps the novice comprehend this information. (iii) Visual information detailing

the way tools were used to enact the proposed change is communicated as the novice watches

the expert interact with the mixing desk.

Literature from the �eld of multiple representations - see section 2.2.4 - provides insight into

why this combination of representations might provide effective feedback. The auditory/words

offers a descriptive information representation which provides insight into the thinking that

underpins the expert's actions. Such descriptive information is important in order for learners to

receive what Hattie and Timperley (2007) would cite asprocess levelfeedback, which can inform

the novices strategic thinking going forward. Yet descriptive representations can face problems

with ambiguity, and this problem is particularly acute in the �eld of music production where it

can be very challenging for novices to gain a vocabulary which accurately maps to sonic features

within a piece of music. This problem is itself an area of active research activity - see for example

(Zheng et al., 2016). The termmuddyis one such ambiguous descriptive representation. The

auditory/music representation of the proposed changes serves to not only remove this ambiguity

by enabling the novice to hear what the defect sounds like, but through a process of trying to

integrate the auditory/music representation with the more complex descriptive representation

the novice gains competency with this complex representation, thus improving their musical

vocabulary.

Whilst some suggested changes encoded within the auditory/music feedback representation

can be obvious, others might be very subtle to the extent that a novice may fail to notice them

whilst switching between pre/post feedback processing states. From an information processing

perspective, the novice must learn to control their auditory sensory memory and shift their

attention over various dimensions within the music to try and identify a change. Developing

these `critical listening skills' is vitally important for novice music mixers (Corey, 2016, p. x),
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and it is widely acknowledged that expert music mixers will tune into different dimension within

a piece of music during the course of their work (Owsinski, 2013, p. 8).

Signalling (also known as cueing) has been shown to enhance learning within multimedia

contexts by guiding the attention of learners to important information (Van Gog, 2014). A form

of signalling may be functioning in this context too as, the speci�c tool used within the mixing

desk becomes apparent as novice watches the expert reach for that control and if the novice

possesses suf�cient prior knowledge of that control, seeing what tools the expert is using can

cue their attention towards the related dimension within the audio. For example, if the expert

manipulates the pan control the novice may try and tune into the music's sense of width, or if

an equaliser control was adjusted then attention can be trained onto the tonal properties of the

music.

This combination of feedback representations serves to give the novice a good picture of

the process and reasoning that underpins an expert's artefact re�ning activity. This information

aligns closely with traditional notions of apprenticeship where a key feature is that novices get

to see how an expert works, and over time takes on more of the task activity themselves (Lave,

1997). In our example the feedback serves as a scaffolding mechanism, with the novice taking

the processing as far as they can before the expert completes the re�nement,modellingtheir

working method for the novice which enables them to see how tools were used (via the visual

information representation) and the impact these had on the artefact (through the auditory/music

information representation). They also explain their thought process (via the auditory/words

descriptive representation). The idea of apprenticeship is particularly relevant to learning within

a music mixing context because this is the process by which most successful music mixers

learned their craft, in fact it is claimed that many of the best mixers will have had more than one

mentor, and thus they bene�t from seeing a range of working methods and approaches (Owsinski,

2013, p. ix).

2.4. Music mixing skills development

This section is based upon descriptions within the literature of differences between novice

and expert music mixers. Four key competencies were identi�ed, as explained below, and

it is proposed that these competencies serve as a framework to understand learner support

requirements when developing technology to assist music mixing skill acquisition.

1. Izhaki (2013, p21) asserts that novices usually lack a clear vision for a mix, whilst Owsinski

(2013, p7) reports the presence of clear visions for experts music mixers.

2. Novices will usually follow a sub-optimal process such as focusing on each musical

element in isolation which can result in a mix where the elements don't knit together

sonically. Experts, on the other hand, will bear in mind the reciprocal impact of a change

upon other elements within a mix Izhaki (2013, p34). For example, an expert knows that

making one element louder makes the other elements quieter in relative terms. Expert's

therefore process elements with reference to the corresponding sonic dimension of the
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whole. There are no hard and fast rules as to what constitutes a dimension. Owsinski (2013,

p9) considers a mix in relation to six dimensions: balance, frequency range, panorama,

dimension, dynamics, interest. Whilst Izhaki (2013, p66) considers �ve dimensions:

time, frequency, level, stereo, depth; and Moylan (2014, p416) favours three dimensions:

musical balance and loudness, spatial qualities and relationships, and pitch and sound

quality.

3. Novices lack the critical listening skill necessary to identify all the features within the

music that should be manipulated to better align them to the vision for the �nished product

(Everest, 2007, p. viii), whilst expert music mixers have highly developed critical listening

skills allowing them to tune into the subtle details within a piece of audio (Owsinski, 2013,

p. 8).

4. A novice will not have full command of the tools at their disposal i.e. they will not be able

to optimally control sonic features within a piece of music using the controls available on

a mixing desk or within a piece of music mixing software.

From this we can surmise that these four listed items represent key music mixing competen-

cies:possession of a clear vision for the music, a process centred around holistic judgements,

highly developed critical listening skills, andan actionable understanding of the link between

tools and musical attributes. Developing technology to help people develop music mixing skills

will therefore require targeting one or more of these competencies.

2.5. Making learning meaningful

The previous section covered the way information from other people can help a learner gain

knowledge, however the input from other people can also have a signi�cant but less direct positive

impact on learning; by sparking an interest, or by simply helping people see the relevance of a

topic to their own lives. This section covers such in�uences upon learning.

In the in�uential work Confronting the Challenges of Participatory Culture: Media Education

for the 21st Century, Jenkins (2009) describes a vibrant set of online communities involved in

creating, sharing, reshaping and critiquing a whole range of digital media - drawings, videos,

writings and music to name but a few. Young people are at the heart of thisparticipatory culture

and music remixing is one of the activities undertaken (Cheliotis and Yew, 2009; Lessig, 2008;

Prior, 2010). Whilst the primary motivation for taking part may be entertainment or personal

expression (Cheliotis and Yew, 2009), participants also gain educationally through informal

peer-to-peer learning, leading to the development of skills which bene�t them in formal education

and later when they enter the workplace (Jenkins, 2009).

Participation within such online communities requires access to speci�c technologies, and

therefore it is worth re�ecting upon whether such access requirements impose barriers to entry.

In 2010, Klopper (2010) observed that a rapid advancement of technology had given rise to a

�ourishing intercultural exchange movement, whilst for Nakayama and Martin (2007) the tipping
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point came in 2007 when it became realistic for people from the most remote parts of the world

to connect and collaborate with people they may never meet in person. Recently, Barnabas and

Bodunrin (2021) illustrated just how accessible such creative practices have become, when they

reported that young, often unemployed school leavers from the !Xun and Khwe communities

within South Africa where able to express themselves through the creation of hip-hop music and

accompanying music videos, and to then disseminate them online. This demonstrates how even

people from some of the most marginalised communities can �nd ways to overcome challenges

around accessing technology and the internet in order to express themselves creatively online.

Interestingly, whilst the challenges around access to technology were different, hip-hop drew

participants from similarly marginalised communities in its early days in the USA (Alexander,

2011), and as it spread around the world (Chang and Watkins, 2007).

Music remixing within online communities is being encouraged by established musicians

who are releasing their music in a format known as stems where separate recordings are provided

for each musical component that constitutes the song – as detailed in Chapter 3.5.1 – e.g. separate

recordings for the drums, bass, guitars, vocals etc. These stems are often released under creative

commons license, effectively freeing end users to do with them as they wish (Lessig, 2008).

This movement is analogous to the open source computer programming movement: Stems give

people access to the musical `source code', a growing range of software tools enables people to

manipulate and modify the source material, and creative commons licensing allows people to

share their derivative works onwards. Creating a remix may involve, for example, adding sound

effects to the vocals, replacing the drums with a drum part from another song, and changing the

volume of the backing vocals. This interpretation can then be shared through the author's social

media channels and, in turn, they will receive feedback and encouragement from their peers.

The engaging and social nature of these online spaces contrasts sharply with the current

approach to formal education. Some authors argue that formal education is failing to connect

with the lives of learners in a meaningful way (Ito et al., 2013), and within music education

this disconnection may stem from a skew towards western classical music which many young

people don't feel an af�nity with (Hess, 2014). A government commissioned review found many

children in England receive a sub-standard music education, and this disproportionately affects

those from poorer areas (Henley, 2011). In considering how music education could be improved,

the report's author sites the need for schools to draw on local resources by forming partnerships

with groups, organisations, and individuals in the local area. This call had a strong in�uence

upon the research conducted within this thesis, particularly the study presented in Chapter 4.

A group of in�uential academics known as the New London Group proposed that the purpose

of education is to “ensure that all students bene�t from learning in ways that allow them to

participate fully in public, community, and economic life.” (Cope and Kalantzis, 2005). A music

education with a focus on encouraging students to participate in musical activities beyond the

school could realise a wide range of bene�ts including: an increase to young people's self-esteem

and their educational engagement across all subjects (Ofsted, 2009); enhancement of their literacy

and numeracy skills (Gardiner et al., 1996; Ho et al., 2003; Overy, 2003; Register, 2001); an
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increase to their intellectual, personal, social and physical development (Broh, 2002; North et al.,

2000; Schellenberg, 2004); a boost to their creativity (Koutsoupidou and Hargreaves, 2009); a

range of health and wellbeing bene�ts (The Royal Conservatory of Music, 2014). Moreover, at a

community level it is important that we encourage young people to participate in music making

activities in order to foster the next generation of musicians who will go on to make an important

contribution to our social fabric and the economy (Behr et al., 2016; Henley, 2011).

Educational researchers have long understood that young people bene�t from `authentic'

learning experiences, such as activities aligned with their personal interests and with the world

beyond the classroom (Shaffer and Resnick, 1999). Connected Learning (Ito et al., 2013) is a

contemporary approach to authentic education, which claims that young people learn best when

their formal education overlaps with their personal interests, and their educational pursuits are

shared with their peer groups and the online communities in which they participate. Similarly, the

output of their learning is made more meaningful when it is used to make a positive contribution

to their communities, with the young people bene�ting from the recognition they receive for

their efforts (Ito et al., 2013).

Local Learning Ecologies (Hodgson and Spours, 2013) describe these kinds of authentic,

beyond the classroom connections at a local level, and Hodgson and Spours (2013) demonstrated

how strong inter-organisational connections can help young people (14-19 years of age) transition

into further education or the labour market. A key idea is that when schools forge links with

organisations in their locality, it can broaden young peoples' experiences and relationships,

leading them to develop more positiveimagined futures, and in time to positive transitions

beyond school.

2.6. Technology-facilitated music learning

Despite the bene�ts of authentic and connected learning, few research projects relating to

technology for music education explore this area. Instead, technology is typically used to

support the traditional music education paradigm by, for example, replicating traditional musical

interactions within a digital device - such is the case with MOGCLASS where Zhou et al. (2011)

simulated a range of musical instruments within a smartphone app.

The technology used within music classrooms typically plays a similar role in supporting

traditional practices. NoteFlight (Note�ight, 2019) and Sibelius (Sibelius, 2019) for example,

allow students to create a piece of sheet music on a computer screen. The main advantage of

these packages is that they allow the students to hear their creations without requiring the musical

competency to play the piece of music themselves which, whilst bene�cial for some individuals,

is not particularly transformational.

Ironically, projects that use music and technology to explore more transformational edu-

cational con�gurations tend to take place away from the music classroom. For example, both

Earsketch (Freeman et al., 2014) and SonicPI (Aaron and Blackwell, 2013) attempt to harness

young people's musical interests in order to motivate them to learn computer programming, with

musical compositions being built through computer programming interfaces.
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One study that does apply technology to explore a recon�guration of music education was

conducted by Gall and Breeze (2008) who investigated how music students could use pre-

recorded musical loops to produce creative, collaborative compositions. This approach is a

departure from the traditional ground-up view of music education, where the students build

music after gaining instrumental competence. Instead, blocks of pre-composed music can be

selected, and arranged by the students. The process has similarities with creating a remix

although the focus is not on creatively reshaping a central piece of music as is the case with

remixing, but rather on creating a new piece of music from scratch. The collaborative aspect of

this research derives from the students working in pairs. The qualitative methods employed by

the researchers revealed the engaging nature of the activity, and its high cultural relevance to the

student participants, however little music creation and manipulation took place beyond basic

selecting and positioning of the available loops. Therefore, signi�cantly more work could follow

to explore how the activity could be con�gured to support the development of music-making

skills, (including music-mixing skills) and to map across a wider area of the music curriculum.

I built upon aspects of this basic but promising approach to music education in Chapter 4, by

exploring how similar activities involving the arrangement and manipulation of pre-recorded

musical elements could serve as a bridge between the students and the musicians who contributed

the musical elements. Whilst Gall and Breeze did not appear to engage their participants in

questions around who made the loops they were using, such questions were central to the work

presented in chapter 4. Furthermore, a goal of this thesis was to explore how such activities

could be con�gured to enhance music mixing skills development, and to understand the role

interface design could play in supporting this, whereas Gall and Breeze used an off-the-shelf

music making platform and did not critique the interface, nor did they explore skill development,

focusing only on the potential for creative expression.

Online participatory communities are shaped and supported by the tools at their disposal.

Music remixing communities initially adopted software created for sound engineers working

in recording studios, but now a range of online collaborative music production platforms are

starting to emerge (Blend, 2017; Indaba Music, 2017; Looplabs, 2017; Ohm Studio, 2017).

These operate at a global scale and are designed around offering opportunities for entertainment

and creative expression. We are not aware of any work exploring their con�guration to support

local community connections or educational advances. Academics have however studied the

composition of the communities engaging with these online music remixing tools. Prior (2010)

describes their emergence, with online digital infrastructures enabling young people to pool

knowledge and collectively progress from being passive consumers of music, through intermedi-

ary roles providing feedback and commentary, to customisation and dissemination (i.e. remixing)

at which point they are effectively demonstrating a new status as active contributors. Benkler

(2006) �nds remixing communities as being composed of groups of loosely connected, widely

distributed individuals who work cooperatively, openly sharing resources without managerial

commands. He terms this con�gurationcommons-based peer production. Cheliotis and Yew

(2009) studied the ccMixter remixing community and present participants as being motivated
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to participate through opportunities for (i) self-expression through the creation of content, (ii)

building social relationships during the creative process, (iii) furthering community practices

by creating, reusing and sharing content. Furthermore they draw our attention to the role remix

contests can play as a catalyst for action. These contests are often organised around musical

content supplied by well-known musicians and the ensuing contest can provide an ideal platform

for community members to demonstrate their creative and collaborative skills.

A useful input to online remixing communities comes in the form of music production

demonstrations presented on YouTube. A prime example of this is the `Against the Clock'

series established by FACT magazine (FACT magazine, 2014) in which high-pro�le music

producers from the electronic dance music (EDM) genre get 10 minutes to produce a track

from start to �nish whilst being �lmed. This video series gives viewers a chance to study the

musicians' working methods and equipment, and thus has the potential to make an excellent

learning resource. Unfortunately, the authors of this video series disabled all comments for

these videos on YouTube, which reduces the opportunity for community members to discuss

the content, to seek clari�cation and so forth. Also, it has also been suggested that some of the

videos are pre-rehearsed (WorkingOnAFreshName, 2019), which if true, goes against the stated

spirit of the challenge and may give the misleading impression that producing high quality pieces

of music is quick and easy, when the reality for many is that it can be a laborious, but ultimately

rewarding process.

Another potentially useful resource for music remixing communities is offered by Sound-

Cloud.com which is an audio uploading, streaming, and sharing website which has found favour

with DIY musicians (Hubbles et al., 2017). Playback is enhanced with collaborative features

including `likes' and social media sharing, as well as a time-stamped comments feature that

enables users to insert comments at particular points within the audio, with the comment be-

ing visible for four seconds once the speci�c point is reached during playback (Birch, 2013).

This could facilitate music production critique, with the time-stamped comments enabling the

critique-giver to target their feedback to speci�c sections within a track, which may reduce

some ambiguity within their feedback. A study by Hubbles et al. (2017) explored the com-

ments left by SoundCloud.com commnunity members and found that a small proportion of

users made good use of the time-stamped comments to speak to precise musical moments with

great effect, relaying observations about instrumentation, rhythm, vocals, stylistic peculiarities,

genre designations and song structures; however, the vast majority of comments were found

to be inarticulate about musical substance. Similarly, Kossmann et al. (2022) concluded that

SoundCloud.com comments, when directed at the music's author, tend to be oriented towards

trying to foster emotional bonding, or towards encouraging the circulation of the music. So,

whilst high quality critique is not the norm on SoundCloud.com, it does offer suitable tools to

support such processes. The focus should then be on supporting people to gain the skills to

successfully participate in critique activities.
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2.7. Conclusions

This chapter presented a review of literature relevant to the aim of this thesis which isto

perform a design-based exploration of social music mixing; its tools and its impact upon

learners. The chapter initially focused on presenting a general, cognitive perspective upon

learning, and a cognitive perspective upon obstacles to learning. The focus then moved to related

areas of particular signi�cance to this thesis including multimedia learning theory and multiple

representations. Flow theory was also covered within this section. Flow theory informed the

data collection and analysis following the deployment described in Chapter 7 which addressed

the research question:How can we design multi-layered interfaces to support novice to expert

transitions within the context of music mixing skills acquisition?Multimedia learning and

multiple representation helped inform to the work presented in Chapter 5 which addressed the

research question:How can we design technology to support tacit knowledge transfer through

feedback within the context of music mixing skill acquisition?

The review then moved on to explore interpersonal learning and engaged with literature

around apprenticeship learning, tacit knowledge, and learning feedback. The focus then moved

to the details of how feedback serves learning within traditional music mixing contexts. The

literature presented in this section had a particularly signi�cant in�uence upon the work presented

in Chapter 5 which addressed the research question:How can we design technology to support

tacit knowledge transfer through feedback within the context of music mixing skill acquisition?

This section also reviewed literature around worked examples and this underpinned the work

presented in Chapter 6 which addressed the research question:How can we capture and use

expert knowledge in the form of music mixing-oriented worked examples to support music mixing

skills acquisition?

A short section then presented literature which noted differences between novice and expert

music mixers, and from this a framework was derived which covers four key music mixing

competencies. The implication is that designing to support music mixing skills development will

necessitate supporting one or more of these competencies. This work therefore in�uenced all the

design work that follows.

The review then moved on to cover ideas about how to make learning meaningful, with a key

theme being the advantages of bringing outside experts into formal education. This literature

was particularly in�uential to the work presented in Chapter 4, as it helped both formulate and

explore solutions to the research question:Can music remixing activities support the formation

of a local learning ecology involving young people and established local musicians, and if so,

what factors are important in the design of the tools and social con�guration?

Finally, technology-facilitated music learning was covered and this literature helped shape

each iteration of the designed artefact that is central to this design-research thesis.
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Chapter 3. Methodology

3.1. Introduction

This chapter details the methodology via which this thesis' aim and subsequent research questions

were tackled. The chapter begins by explaining the contextual in�uences upon the chosen

methodology, and then goes on to detail the data collection and analysis methods. A section is

dedicated to giving an overview of the artefact at the heart of this design research, the study data

that contributed to the design iterations, and sign-posting readers to the relevant sections within

this thesis. This is followed by an explanation of how �eld studies were established and how

participants were recruited. Finally, a short section documents the ethical considerations this

research entailed.

3.2. Foundations of the methodology

3.2.1. Research context

The methodology with which I approached my research problem was, to a large extent, in�uenced

by the research group I belong to. Open Lab's Centre for Doctoral Training in Digital Civics

emerged in response to Newcastle University positioning itself as a civic university, embedded

in, and responsive to, its local context. This was encapsulated in the vice-chancellor's call for

staff to consider "not what are we good at, but what are we good for?" (Olivier and Wright,

2015). Digital Civics research is therefore agenda-driven, and broadly involves exploring the

role technology can or could play in reshaping service provision, with a particular emphasis

towards place-based, bottom-up models where service users have a greater say in service design

and delivery (Vlachokyriakos et al., 2016).

Newcastle University set three themes for local action: aging, social renewal, and sustain-

ability (Olivier and Wright, 2015). With education and (re)training widely acknowledged as

key components of social renewal (Department for Levelling Up, Housing and Communities,

2021), it should be no surprise that the Digital Civics place-based agenda, following on from

the University's stated themes and in line with the grants received from national funding bodies,

takes an interest in novel education approaches that might support social renewal within the

North East of England and beyond. It is for this reason that a key foundation of my work was

to select an approach to education that aligns with Digital Civics' concerns, which led to the

identi�cation of the Local Learning Ecologies approach (Hodgson and Spours, 2013). Local

Learning Ecologies aligns with the Digital Civics research agenda in that it is similarly interested

in a recon�guration of relationships within the local area. Its aim is to improve the opportunities
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young people experience during their formal education with the intention of fostering better

outcomes for them and reducing the number of young people not in employment, education,

or training. This, therefore, links closely with the theme of social renewal. Speci�cally, and

as described in Section 2.5, Local Learning Ecologies is about moving away from education

institutions operating in isolation with their young learners effectively cloistered, towards a

model more akin to a partnership between education institutions and local businesses, with the

young people bene�ting from their interactions with these local businesses. This parallels Digital

Civics interest in reshaping service provision.

Newcastle University's Digital Civics research was developed within an Human-Computer

Interaction (HCI) department and therefore researchers naturally apply HCI methods to this

problem space. These are therefore the methods I drew upon when conducting my own research.

At a high level, the �eld of HCI is concerned with: “seeking to both understand and improve

how humans interact with technology” (Hudson and Mankoff, 2014), or as Hewett et al. (1996)

puts it: "the design, evaluation and implementation of interactive computing systems for human

use and with the study of major phenomena surrounding them". Whilst early HCI work favoured

laboratory investigations, the �eld evolved following the lead of Brown (1992) who argued

that attempts to study variables in isolation, as is the goal of laboratory settings, will lead to an

incomplete understanding of their role within more complex, natural settings. In order to improve

ecological validity, much HCI research now takes placein the wildwhere highly functioning

prototypes are given to users in their natural environments in an attempt to explore how the

technology can change or disrupt behaviour (Chamberlain et al., 2012). My work followed

this path, as I deployed a high functioning prototype into classroom settings, and explored how

attitudes towards learning, and the potential for learning to occur, were impacted as a result. As

Rogers (2011) observed, designing in the wild necessitates evaluating prototypes in situ, and this

involves observing and recording what people do and how this changes over suitable periods of

time. Mindful of this, I aimed to conduct �eld deployments (Siek et al., 2014) over a number of

weekly sessions, to give suf�cient time for interactions with the prototype to induce a change

within the participants.

HCI researchers typically use iterative design processes as the successive evidence gathering

stages offers a form of rigour (Wolf et al., 2006). My study design aligned with this, as I

conducted �ve distinct �eld deployments and the evidence gathered from these led to three major

iterations of Remix Portal's interface design, as depicted in Figure 3.1. These separate �eld

deployments allowed me to observe similar patters of changes within the respective participants,

which helps strengthen claims about the designed artefact's impact upon users. The two �eld

deployments presented in Chapter 4 are a good example of this, as they produced very similar

results despite differing user pro�les and other contextual differences.

As described above, I designed and implemented an artefact and used �eld deployments to

evaluate its impact upon users. Such design research is a cornerstone of HCI, however Sanders

(2008) noted distinctions between the philosophical positions from which researchers approach

design research. One key distinction is whether the researchers believe that expertise resides more
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Figure 3.1Field studies and their link to Remix Portal design iterations

with the designer or more with the participants. Those who lean towardsdesigners-as-experts

are more likely to employ User-Centered Design (Norman and Draper, 1986) or Critical Design

(Raby, 2013) approaches, whilst those who lean towardsparticipants-as-expertsmay favour

Participatory Design methods (Muller and Kuhn, 1993). I re�ected upon this, and considered the

expertise I had developed as a musician, music producer and music technology educator over the

past two decades. I then considered that the participants I intended to work with would be new

to music remixing activities and accordingly would possess little domain expertise. I therefore

favoured a User-Centered Design approach where, as is common, I would play a personal role in

the design process (Löwgren, 1995, p. 87).

The discussion above re�ects an important consideration for HCI researchers, concerning

their epistemological disposition (Boehner et al., 2007). Addressing this directly, I would consider

myself a pragmatist (Biesta and Burbules, 2003), feeling comfortable aiming for constructive

knowledge which may be usefully applied to improve the situation within the research context,

as is common with pragmatic approaches to research (Goldkuhl, 2012). I was of the opinion

that the problems associated with education are best solved in context, and that it would be very

dif�cult to reduce the complex social phenomena to the type of data measurable via quantitative

methods alone. Instead, I believed the relationships between the participants, designed artefacts

and the context of their use would be important, and that a focus on the details of these contexts

and the events that occur within them, and my subjective interpretation of participants' responses

to them would lead to the output of useful knowledge. Therefore, I, as the designer of the

educational interventions and the interpreter of the data, could not be a truly objective presence

within the research, and instead I would embrace my role as an active participant, working with

the various stakeholders to improve the designed artefact and improve learning outcomes for

these stakeholders. This epistemological position is consistent with the design-based research

methodology which guided my work.
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3.2.2. Design-based research

Design-based research (DBR) is a popular methodology within the learning sciences (Anderson

and Shattuck, 2012; Barab and Squire, 2004). It emerged near the beginning of the 21st century

in response to a `credibility gap' in education research (Levin and O'Donnell, 1999). At that

point, education research typically either employed traditional scienti�c methods based around

controlled experimentation, leading to criticism of being divorced from real-world complexity

and problems of educational practice or, on the other hand, research was conducted in authentic

but `messy' setting and was criticised as being unscienti�c and lacking rigour (Collective, 2003).

DBR addresses these issues by coupling empirical educational research in naturalistic settings,

with theory-driven design (Collective, 2003). A central position of DBR is that theory must work

hand-in-hand with design interventions, as interventions will help generate theory, and theory

must inform the design of interventions (Easterday et al., 2014). According to Easterday et al.:

"Theory derives its purpose from application and application derives its power from theory".

For this reason, DBR tends to distinguish betweengrand theoriesand"theories that work", and

concerns itself with the latter (Tiberghien et al., 2009). The output of DBR should therefore be

effective educational interventions which improve teaching and learning in real-world settings,

as well as theory and design principles which can be used to both inform future designs and

improve practice and research in educational contexts (Anderson and Shattuck, 2012). For Barab

and Squire (2004), this coupling enables those engaged in DBR can offer a “joint commitment to

research and service”.

A key distinction between DBR and other methodologies employed in education research is

the incorporation of designed interventions, deployed into real-world learning settings. According

to Collective (2003), this enables DBR projects to enact and explore learning conditions which

theory indicates should be lead to positive outcomes, yet are underexplored or are poorly

understood. Furthermore, DBR can lead to knowledge of how, when and why educational

innovations work in practice, and understandings of the relationships between learning theory,

designed artifacts and practice, as well as to updated theoretical understandings.

Whilst there appears to be consensus on DBR's commitment to the dual purpose of improving

practice and advancing theory, as well as to treating participants more as collaborators than

as research subjects (Wang and Hanna�n, 2005), the processes by which DBR is applied can

vary between researchers (Easterday et al., 2014). This has led to criticisms of DBR as being

underdeveloped (Anderson and Shattuck, 2012; Easterday et al., 2014). This is not helped

by the fact that some leaders in the �eld appear unkeen to make low-level stipulations. For

example, Collective (2003) simply advises researchers to choose“methods that can document

and connect processes of enactment to outcomes of interest”. A meta-analysis by Anderson

and Shattuck (2012) found that DBR researchers typically either measure learning outcomes or

student attitudes, with the methods used to measure learning or probe attitudes varying. Easterday

et al. (2014) asserts that some researchers view DBR as a form of qualitative research used to

assist discovery and address problems of meaning, as opposed to verifying an existing theory.

However, others are of the opinion that DBR is best suited to a mixed methods approach, using
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qualitative and quantitative methods within �eld studies and laboratory experiments (Brown,

1992; Kelly, 2006). For example, Levin and O'Donnell (1999) see �eld studies as a precursor to

controlled experimental work which could validate theories developed within the �eld studies.

Obrenovíc (2011), on the other hand, see's DBR as performing a `pioneering role' in exploring

new research territory that other research methods will go on to `occupy'. Accordingly, the ability

to produce trustworthy knowledge using DBR without a controlled experimental component,

or experimental work following on, may be questioned by some. The more scienti�c take on

DBR clashes with those who are of the opinion that design-based work cannot be generalised,

and therefore design cannot be accommodated within scienti�c research (Buchanan, 1992).

The design work that precedes �eld deployments is often assisted by data collected through

human-centred techniques such as observation, interviewing, surveys, data analytics (Easterday

et al., 2014). Similar techniques are often used during an evaluation stage, post-engagement.

However, as mentioned above, other techniques can be employed.

A recurring criticism of DBR relates to researchers' objectivity. As Barab and Squire

(2004)[p10] put it: "if a researcher is intimately involved in the conceptualization, design,

development, implementation, and researching of a pedagogical approach, then ensuring that

researchers can make credible and trustworthy assertions is a challenge". This con�icts with

a typical view from the sciences expressed by Norris (1997), that researchers must possess

skepticism, commitment and detachment. This obviously becomes more dif�cult when the

researcher must also be the advocate for the approach taken and has invested signi�cant energies

into producing the design interventions. Anderson and Shattuck (2012) acknowledge this issue

too, and believes this creates a signi�cant challenge for researchers employing DBR, stating:

“a certain wisdom is needed to walk this narrow line between objectivity and bias”. However,

Anderson and Shattuck also acknowledges that in qualitative research traditions, instead of trying

to eliminate bias and maintain objectivity, it may be useful to treat the deep understanding of

the topic that researchers often possess as an important resource. And this could be particularly

important in design work, where the design activity can draw upon and bene�t from the the

researchers' intuitive and tacit knowledge accrued over the years they have been engaged

in the topic (Obrenovíc, 2011). Others defended DBR by noting the opportunity to choose

methods which can mitigate issues of objectivity and reliability, such as thick descriptive datasets,

systematic analysis and data triangulation (Collective, 2003), and in terms of generalisability,

making the reasoning behind claims explicit, public, and open to critical re�ection and discussion

(Obrenovíc, 2011).

Most researchers using DBR appear to subscribe to the idea that the design work requires

multiple iterative cycles. This poses a challenge in that such work may require longitudonal

studies which will necessitate a high level of commitment from all stakeholders (Collective,

2003). Such relationships may be challenging for researchers to establish and maintain, especially

if they have limited time to conduct their research, as would occur during the course of a PhD

Anderson and Shattuck (2012). The solution is for senior researchers and academic departments

to cultivate relationships over long periods and create opportunities for new researchers to step
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in and effectively hit the ground running. This issue impacted my own research when the teacher

I had been working with moved to a new role and I was unable to continue working with her

students. Ultimately, I opted to deploy the designed artefact in a range of learning contexts,

reasoning that this would broaden the picture I would collect about how learners were impacted

by the designed artefact, and would therefore lead to �ndings with better generalisability.

A further criticism of DBR concerns the research �ndings. Collective (2003) acknowledges

that: “causality can be dif�cult to decipher and disambiguate”because in messy, complex,

naturalistic learning settings, researchers and teachers have to make many decisions over the

course of the design's deployment in order to optimise learning, and it can be very hard to

understand how these decisions in�uenced the outcomes discovered. Anderson and Shattuck

(2012) acknowledges that most DBR studies do not demonstrate `what works', but instead

focus on the production of thick descriptions of the context, the challenges encountered, the

development process, and the design principles that emerged.

In the opinion of this researcher, non of the issues described above represent insurmountable

problems, and many re�ect underlying epistemological differences between differing research

factions. As DBR is a broad church and not particularly prescriptive of tools and method, it puts

the onus on the researcher to carefully consider how it is applied, and what methods, tools and

approach they accommodate within their implementation. Within the research presented in this

thesis, qualitative methods are mainly used for data collection purposes within the methodology,

however this is not exclusive as quantitative methods are part of the mixed methods approach

used within Chapter 5. Qualitative, human-centred methods (interviews and surveys) were the

main tools used to support the evaluation of the designed artefacts, with subjective interpretation

of the data following their application. Qualitative, human-centred methods were also used in

combination with theories to inform the design of subsequent interface iterations. The theories

which in�uenced the design include cognitive load theory (see Chapter 2.2.2), and conceptual

work around tacit knowledge (see Chapter 2.3.1) and multiple information representations (see

Chapter 2.2.4). The design work also contributed to the development of theory around the

acquisition of music mixing skills (see Chapter 2.4), and the integration of �ow theory and

cognitive load theory (see Chapter 8.3.3), as well as contributing design principles.

Whilst the learning sciences represent a distinct �eld from HCI, DBR has signi�cant cross-

over with HCI methods. This crossover gave me con�dence that the methods I adopted would be

suitable for application within education settings. For example, Barab and Squire (2004) report

that design-based research takes an interventionist approach and is involved in creating a tangible

design that works in complex social settings – this parallels HCI's �eld deployments. There

is also a “joint commitment to research and service”, which entails: "meeting the immediate

needs of the participants” (Barab and Squire, 2004), thus design-based research is also overtly

agenda-driven (Brown, 1992). This aligns well with the agenda-driven HCI research of Open

Lab. Furthermore, design-based research advocates for iterative approaches to design where

"development and research take place through continuous cycles of design, enactment, analysis
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Research Design
Purpose general knowledge speci�c solution
Result abstract situated
Orientation long-term short-term
Outcome theory realisation

Table 3.1Differences between research and design, from Stappers and Giaccardi (2017)

and redesign" (Fallman, 2003), and also calls for the triangulation of multiple sources of data

(Fallman, 2003).

Barab and Squire (2004) describes the learning sciences as interdisciplinary, and it appears

clear that it has been in�uenced by HCI and related, design-oriented �elds. The fact that major

components of the methodology applied within this thesis are not just born of HCI, but are shared

with learning sciences, should provide some assurance of their suitability for this thesis' topic.

Comparing design-based research with Research through Design

Research through Design (RtD) is a research approach popular amongst the HCI community, that

marries the methods, practices and processes of design practice with academic research's drive

for knowledge production (Zimmerman and Forlizzi, 2014). Artifacts are created as proposed

problem solutions, and are iteratively and systematically re�ned and re�ected upon (Schön,

2017). According to Zimmerman and Forlizzi (2014), the output of a RtD process should include

the designed artifacts as well as knowledge taking a form such as: novel perspectives that advance

understandings of a problematic situation; insights and implications with respect to how speci�c

theory can best be operationalized in a thing; new design methods that advance the ability of

designers to handle new types of challenge; artifacts that both sensitize the community and

broaden the space for design action.

RtD emerged in response to discontinuities noted by the HCI community between academic

research and design practice. For example, Blackwell (2004) noted that research communities

favour the novelty of a solution over its quality, whilst the reverse is true within design practice.

Similarly, Stolterman (2008) claimed that academia's interest inthe existing and the universal

is at odds with design practices' interest inthe non-existing and in the creation of an ultimate

particular. Stappers and Giaccardi (2017) summarised key differences identi�ed by the HCI

community as per table 3.1.

There is signi�cant overlap between RtD and DBR: Both methodologies engage with com-

plex, real-world problems, and both methodologies centre around design practice. Distinctions

between the methodologies are subtle: Whilst RtD employs design practice to foster positive

real-world change, it perhaps does not as explicitly claim to represent a joint commitment to

research and service as DBR does. DBR focusses on designs informed by learning theory,

whilst RtD appears less conscriptive regarding the use of theory as an input to the design process.

Finally, DBR is committed to treating participants more as collaborators than as research subjects,

whilst I do not believe such a consensus exists within the RtD community at this point in time.

Perhaps the most important distinction between these methodologies, from my perspective,
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relates to the communities where the methodologies are employed, with RtD emerging from the

HCI community and DBR emerging from the learning sciences community.

Whilst RtD could be considered a suitable method of enquiry for this research project, and

despite considerable overlap with DBR, I will follow the guiding principles of DBR over RtD,

due to its tighter focus on learning and education, and its popularity amongst the learning sciences

research community. I believe this latter point makes it more likely that my work will be accepted

by learning science researchers and therefore more likely to in�uence future research within their

sphere. I hope that this choice of methodology would also be accepted by the HCI community

given HCI's interdisciplinary composition and the wide range of methodologies that are accepted

within the �eld.

Comparing design-based research with action research

DBR can be considered a hybrid methodology (Wang and Hanna�n, 2005) that adds a design

component to existing research methodologies (Frick and Reigeluth, 1999). One such methodol-

ogy that shares many features is Action Research (AR) (Avison et al., 1999; Stringer, 2008). AR

similarly aims to produce improvements on the ground, tends towards qualitative data collection

methods, and at a higher level, AR and DBR have been described as having a very similar

epistemological foundation based upon pragmatism (Cole et al., 2005). However, AR and DBR

tend to view participants differently, with AR more aligned with the idea of teachers becoming

researchers and using AR to solve their own workplace problems, i.e. the researchersare the

participants (Kuhne and Quigley, 1997), whereas DBR distinguishes between researchers and

participants and typically restricts collaboration between the two to the evaluation and re�nement

of the researchers' designed artefacts. DBR, therefore, tends to try and couple the design and

research expertise of the researcher with the contextual expertise of the teachers/participants,

whereas AR puts more responsibility for conducting the research (and possibly creating design

interventions if that is to form a part of the AR) upon the participating teachers (Anderson and

Shattuck, 2012).

Whilst I liked AR's commitment to solving real-world problems, I was not deeply embedded

in the research context, nor working as a teacher. Therefore, I thought the best course of action

would be to work collaboratively with teachers, and I would rely upon them to surface contextual

issues, and I also considered their longstanding relationship with the students to be a valuable

source of information. Furthermore, whilst both DBR and AR are committed to solving local

problems, only DBR is also committed to advancing theory, even if this takes the form of context

dependent design principles (Barab and Squire, 2004). For these reasons, I felt my research goals

stood a better chance of being achieved if I followed DBR, and therefore I rejected AR as the

guiding methodology for this project.

3.2.3. Importance of Developing Design Rationale

MacLean et al. (1989) asserted that: "A design rationale is not a record of the design process

– it is a co-product of design along with the artefact and itself has to be designed". The work
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Figure 3.2The design space differs from traditional community/education interactions due to its remote
and asynchronous nature

presented in this thesis proceeds in this spirit, and therefore, where possible, a design rationale is

included for every signi�cant Remix Portal iteration. Each design rationale includes descriptions

of the potential design options available, explanations of the criteria by which these options were

evaluated, and justi�cations for the options which were ultimately selected. As MacLean et al.

(1989) went on to argue, such design rationale should not only aid the production of effective

artefacts, but should allow the designer to effectively argue why the chosen design is appropriate.

Therefore, embedding the production of design rationale within the methodology should add to

the rigour of the design research and should therefore strengthen the contribution that this work

offers.

3.2.4. The Design Space

The work presented in this thesis represents a recon�guration of way musicians are included

within formal education. The shift can be seen on the time/space matrix presented in Figure

3.2. Traditionally, such interactions are co-located and synchronous. For example, professional

musicians may work part-time for the school providing instrumental lessons, or the school

might invite a musician to give a demonstration to the students. Possibly, these students will be

given some instruments to play along with. But consider that many active musicians within our

communities have full-time jobs. This makes it hard for schools to leverage their expertise using

this traditional model. Furthermore, many schools are hesitant to allow visitors in to the school

environment to interact with students without rigorous prior vetting. We therefore considered

whether remote and asynchronous interactions would make a suitable alternative. This could

enable musicians to work educational engagement around their schedule whilst lowering the

'risk' from the schools perspective.
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3.3. Data Collection Methods

The following subsections describe and justify the data collection methods used during the

research presented in this thesis.

3.3.1. Individual Interviews

Individual (one-on-one) interviews are the most common qualitative data collection methods

(Wilson et al., 2016). Interviews can be categorised based on the level of structure the interviewer

applies. At one end of the spectrum lives structured interviews where all interviewees are asked

the same set of questions. Semi-structured interviews are more �exible, with the the interviewer

free to change the order of the questions depending upon the interviewee's responses, and

additional questions can be asked on the �y to prompt and probe in more depth as the interviewer

deems necessary. At the other end of the spectrum, unstructured interviews (also known as

open or non-directive interviews) forgo a detailed interview guide, leaving the interviewer free

to follow what the interviewee says, and to aim for as detailed a solicitation of information as

possible (Brinkmann and Kvale, 2015). Regardless of the approach to structuring, King et al.

(2018) recommends qualitative researchers use open-ended, non-leading questions, focusing on

personal experience, and aim to build rapport with the interviewee.

The interview technique I employed leaned more towards the unstructured end of the spec-

trum, as the individual interviews were often carried out immediately after participants had used

the designed artefact, so I would generally bring a few questions into the session, or topics I

wanted to cover, I would add others based on what I had observed during participant interactions

with the designed artefact, but would mainly follow what the interviewee said, trusting that they

would be trying to give me information that they believed would be useful to me. I therefore

tended to probe and gently guide as I deemed appropriate. As the research went on, I re�ected

upon my interview approach and came to believe that fruitful results were coming from a �exible,

low-structured interview style, and there were very few occasions where I would realise after the

fact that I had forgotten to probe an area or ask an important question. I was therefore, con�dent

to continue with this interview approach.

Individual interviews were conducted with college students during the 4th session of the

�eld deployment described in Chapter 5.6, as well as with secondary school students during the

4th session of the �eld deployment described in Chapter 7.5.1. I deemed it appropriate to use

individual interviews here because, in both cases, I judged that by the fourth deployment session

I had established suf�cient rapour with these participants that they would be able to speak to me

relatively uninhibited. Furthermore, these sessions did not have as stringent time constraints as

some of the other deployment sessions described in this thesis, making one-on-one interviews

feasible.

Individual interviews were conducted with all the teachers and college lecturers who allowed

me to work with their students during the �eld deployments, as well as with the solo musician

who provided feedback during the study described in Chapter 4.3.
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3.3.2. Paired Interview

Paired interviews, also known as joint interviews (Wilson et al., 2016), is a method for collecting

qualitative data which involves interviewing two people simultaneously to understand how the

pair perceives the same event or phenomenon (Arksey, 1996). They are often thought of as a

method which lies between a one-on-one interview and a focus group (Morris, 2001).

Paired interviews have been recommended over one-on-one interviews for interviewing

children or teenagers with pre-existing relationships, as having the support of their friend can

encourage participants to be more forthcoming, open and articulate (Morris, 2001), enabling

them to�ll in the gaps for one another (Houssart and Evens, 2011). I therefore considered this

an excellent method for data collection within my research as I would be dealing with child

and teenage participants who may bene�t from the support of a classmate during the interview

process. The pairing might also serve to lessen the power imbalance that can be problematic

in individual interviews (King et al., 2018). Paired interviews, in comparison with one-on-one

interviews, would also better accommodate the contextual constraints I faced during some of

the �eld deployments. These constraints consisted of having very little time to conduct data

collection due to the limited number of sessions I had with the participants, and the teachers'

desire to maximise the time their students spent engaged in music making activities. A further

advantage of paired interviews is that, in comparison to focus groups or group interviews, it

helps people be heard who might remain silent within a larger group format (Wilson et al., 2016).

Houssart and Evens (2011) described paired interviews as tending to unfold as the participants

interact with each other. I therefore used a semi-structured format and gave preference to

following the directions the participants took rather than sticking to an interview schedule.

Wilson et al. (2016) noted the importance of aiming for equity between the two interviewees, and

so if I thought one of the pair was being somewhat reticent I would prompt them to contribute by

asking them if they agreed or disagreed with what their partner was saying. Of course, this had

to be done sensitively and in respect of the fact that the participants are not obliged to contribute.

Paired interviews were used with primary school children during the 5th session of the �eld

deployment described in Chapter 4.2.2, as well as during the session with college students

described in Chapter 6.2.2.

3.3.3. Group interviews

Fontana and Frey (1994) described a group interview as: "the systematic questioning of several

individuals simultaneously in formal or informal settings". There is signi�cant overlap between

group interviews and focus groups, with the latter being described as: "a group of individuals

selected and assembled by researchers to discuss and comment on, from personal experience, the

topic that is the subject of the research" (Powell et al., 1996, p499). Morgan (1996, p12) points

out a key distinction, in that group interviews are conducted between the interviewer and the

participants, whilst focus groups aim to generate more interactions within the group based on

topics suggested by the researcher. The method I employed ultimately better resembled group
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interviews because although I attempted to initiate discussion between the group members where

possible, I found I had to steer the conversation by probing and prompting.

Group interviews can be used informally, taking place in a �eld setting where a researcher

stimulates and guides a group discussion with a topical question, and they are well suited to the

collection of subjective, qualitative data (Frey and Fontana, 1991). I used group interviews in

this manner, asking questions which aimed to probe the participants experiences of using the

designed artefact. I would typically have a few set questions I wanted to ask, I would formulate

a few more based on the behaviour I had observed during the preceding artefact engagement,

and others would be generated on the �y as the interview unfolded.

I used group interviews because of their noted ef�ciency (Frey and Fontana, 1991), which was

important as I had to accommodate time constraints imposed by the teachers and lecturers who

were keen to maximise the time their students spent engaged in music making activities. These

constraints did not allow for as many one-to-one or paired interviews as I may have otherwise

desired. I also used them to solicit a range of opinions between the group members. However,

Frey and Fontana (1991) warns that group dynamics must be carefully managed in order for the

group interviews to prove fruitful. To achieve this, I drew upon my teaching experience to ensure

equity amongst participants. For example, when working with the school-aged participants I

would ask for a show of hands in response to a question, and then I would choose people to

respond, to ensure that everyone got a chance to contribute. I would also ask question such

as: "did anyone have a different experience?", in an attempt to ensure the data I was collecting

re�ected the experiences of all group members. I would also try and keep the groups as small

as was practical which on occasions meant splitting a class in half and conducting two group

interviews. This was only possible when time allowed.

Group interviews were used during the third session of the �eld deployment reported in

Chapter 4.2.2, as well as the �rst and third sessions of the �eld deployment reported in Chapter

5.6, and the �rst and second sessions of the �eld deployment reported in Chapter 7.5.1.

3.3.4. Survey

Surveys were used to collect both qualitative and quantitative data during the course of this thesis.

Their use for qualitative data collection was due to their ef�ciency. Speci�cally, participants

would be able to complete the surveys themselves, leaving me free to teach the group or attend

to problems the participants might be having. This contrasts with the interview data collection

methods which would place a signi�cant burden on my time. Furthermore, I reasoned that the

surveys might overcome some of the articulation issues young participants can face in interview

situations (Morris, 2001) as participants could take their time when formulating a response,

which might lead to something more considered.

Surveys were also used to collect quantitative data, in the form of responses on likert scales.

These would typically take the form of 5-point scales fromstrongly disagreeto strongly agree–

these surveys are available in appendix A and appendix B. This data contributed to the evaluation
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of the designed artefact and served as a means of data triangulation (Carter et al., 2014) and to

provide a backdrop against which the qualitative �ndings could be understood.

Surveys were used in the third and fourth sessions of the �eld deployment described in

Chapter 5.6, as well as in the �rst section of the �eld deployment described in Chapter 7.5.1.

3.3.5. Novel data collection methods

A criticism of HCI research relates to a perceived gap between empirical �ndings and actionable

design ideas (Crabtree and Rodden, 2002; Hughes et al., 1992). I encountered such a problem

during the course of this thesis, in that I had empirical �ndings that convinced me to explore

a multi-layered interface, yet I had insuf�cient data to meaningfully inform the design of this

interface. I therefore came up with a set of novel data collection methods to generate implications

for design (Sas et al., 2014). These methods engaged users in tasks and resulted in the collection

of data that targeted speci�c aspects of the interface design. The resulting interface was deployed

in Chapter 7. The method described in Chapter 7.3.1 involved a game where participants would

use a modi�ed version of Remix Portal that allowed them to switch between a secret mix and a

user-controllable mix. Their challenge was to alter the interface controls to modify the sound of

the user-controllable mix to match the secret mix as closely as possible. This produced data on

accuracy per interface control type, from which we could infer which interface controls were

harder to use, and therefore which may be better left to interface layers participants would likely

encounter later in their user journey.

The method described in Chapter 7.3.2 involved a paired, paper-based exercise where

participants were asked to numerically rate each control in terms of how useful they found it.

The rationale was that controls participants deemed more useful would make better candidates

for inclusion on lower interface layers (i.e. participants should encounter highly useful controls

before they encounter less useful controls).

The method described in Chapter 7.3.3 involved a group, paper-based rank ordering exercise

where the group members were asked to work together to order the interface controls based

on how useful they found them. Whilst this method is very similar to the previously described

method, it was interesting to see which the participants would prefer, and should the numerical

ratings fail to adequately separate the controls, the rank ordering should be able to provide a

better differentiation.

3.4. Data Analysis Methods

Whilst mixed methods were employed within some of the studies presented in this thesis,

the research leans heavily towards the collection of qualitative data as it was considered that

the qualitative data may yield insights which could improve the designed artefact during the

next design iteration. The qualitative data consisted of audio recordings of the interviews and

written responses to survey questions. I manually transcribed this data in order to gain a deep
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appreciation of the content. Following this, I engaged in thematic analysis as described below, or

used Activity Theory to structure the analysis.

3.4.1. Thematic analysis

Thematic analysis (Braun and Clarke, 2006) is a method developed to help researchers identify

salient patterns within a data set, then name and report these patterns. It is well suited to

analysing data from a range of predominantly, but not exclusively, qualitative sources (Pidgeon

and Henwood, 2004), and has proven particularly adept in the analysis of data self-reported by

participants and conveying their thoughts and feelings, given its ability to identify and describe

both explicit and implicit ideas within the data (Guest et al., 2012). It was therefore considered a

good �t for the data set that resulted from each �eld deployment.

Braun and Clarke (2006) describe a six-phase thematic analysis process, and the analysis that

followed each of this thesis' �eld deployments followed this same process. Firstly, the researcher

must familiarise themselves with the data. To this end, I listened closely to the audio recordings

of the interviews and opted to manually transcribe them in order to spend time gettinginto the

data. I also spent time studying the written survey responses.

The second phase speci�es the production of initial codes. I worked towards this by high-

lighting passages within the data corpus that in light of my research questions, I deemed as

salient. I wrote a brief description for each of these passages to serve as the initial code.

The work then moved towards searching for themes (phase 3). For the analysis I conducted

early in the thesis, I would transfer the initial codes to post-it notes which I would then move

around on a large table trying different groupings, however, later in the course of my work I

grew to prefer performing this task within a software environment, moving text within a word

document. This made it easier to keep the original text extracts close to the codes which I found

advantageous. I would always try out a range of groupings before settling upon a set I felt

represented the meaning within the data optimally, and where each theme was clear and distinct,

as Braun and Clarke stipulate that:“Data within themes should cohere together meaningfully,

while there should be clear and identi�able distinctions between themes.”.

Once I had established a set of themes, I would then take a break from the analysis in order

to return with fresh eyes so that I could meaningfully review the themes (phase 4). In several

cases, this review process led to the merging of overlapping themes in order to create suf�cient

distinction, or the reorganisation of some themes as sub-themes of others. I was at times aided in

this review process by my supervisor or fellow research students.

The �fth phase of the analysis involved attempting to �nd �tting, descriptive names for each

theme, and to de�ne each theme, capturing what the theme is about and why it is meaningful.

The �nal phase of the thematic analysis involved writing about the themes, and this served as

a good opportunity to share my work and to receive feedback on it, which led on occasions to

re�ection and remediation.
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3.4.2. Activity Theory

Activity Theory (Bødker, 1991; Kaptelinin and Nardi, 2006; Nardi, 1996) is an analytic frame-

work that served a formative role in HCI's development, as it helped researchers move beyond

the paradigm of designing technology to support prede�ned, workplace tasks, to an era where

researchers would not assume knowledge of a person's motivation or desires and would instead

work to try and understand and then support these (Moran, 2003). Activity Theory's origins lie

with Soviet psychologists operating in the 1920 and 1930's, who were trying to �nd a way to

integrate the in�uence of community into their psychological work which had previously been

limited to dealing with the individual human mind. The resultingsocio-cultural perspective

viewed the individual mind as being produced through interactions with society and culture, and

therefore to understand the mind one must understand the context in which it exists (Kaptelinin

and Nardi, 2006).

Central to Activity Theory is the idea that activities involvesubjectswhich are usually but

not exclusively people, and they work onobjectswhich are things in the world that they are

motivated to transform or attain. Objects can be physical things (like a bicycle) or less tangible

things like knowledge or designs. Tools serve to help the subjects transform the objects of their

activity. From an HCI perspective, this means that the technology being developed should not be

viewed as the central element, but rather as a tool that mediates the relationship between people

and the objects of their activities, i.e. people do not workoncomputers butthroughcomputers

(Bødker, 1991). Therefore developing a deeper understanding of human behaviour becomes

imperative.

Leontiev (2014) classi�ed activities into three layers. The top layer consists of the activity

itself, which is oriented around the object being transformed. Below this liesactions, which are

units of activity each linked to a goal (or sub-goal), and collectively the actions re�ect the set of

steps necessary to successfully transform the object. Whilst actions are performed consciously

by human subjects in activity systems, the layer below actions –operations– re�ect unconscious

behaviour that contributes towards the completion of the actions. Kaptelinin and Nardi (2006)

give an example of an activity system with the object being an attempt to gain a driving license:

This requires actions including arranging driving lessons, studying the highway code etc., and

operations which develop over time such as the automatic use of the gears, accelerator and brake

pedals to control the car. Nardi (1996) asserts that studying the actions layer via qualitative

research methods can be productive as people tend to have little trouble describing their goals,

and from this motives, object and operations can all be uncovered.

Engeström (2015) advanced activity theory by shifting the focus from individual activity

to collective activity. His contribution resulted in the diagram depicted in Figure 3.3. Whilst

earlier work had de�ned the subject / object relationship mediated by tools, Engeström added

a third element in the form of community to the subject / object relationship. Furthermore, he

added rules and division of labour to demonstrate the components that mediate between subject /

community and object / community respectively. Activity Theory does not see these mediating

components as merely shaping the activity, but they too are shaped as the activity proceeds.
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Figure 3.3Structure of a Human Activity System

For example, we adapt tools based upon our experience using them, and we similarly exert our

in�uence to shape the rules and division of labour that mediates the activities we participate

in. Furthermore, they don't just shape our behaviour, but they ultimately come to shape our

mental functioning as over time we come tointernalizeelements of our participation. Engeström

viewed activity as a complex process which may be best represented through networks of ever

changing activity systems, with their changing nature driven by a desire to resolve tensions

or contradictions within the activity systems. Therefore, to understand an activity, one must

understand how the elements of the activity system change over time, and how the activity system

relates to other activity systems i.e. how it relates to work driven by other goals or desires.

3.5. Remix Portal iterations overview

Iterative design was a central component of the methodology used to conduct the research

presented within this thesis, with �eld deployments producing data which when analysed,

informed changes to the design of the artefact used in subsequent �eld deployments. This section

aims to provide an overview of the artefact design iterations, and of the data that contributed to

each iteration. Sign-posts are provided to guide the reader to the locations within this thesis that

describe the emergence of the data that contributed to each design iteration, as well as to guide

the reader to descriptions of each design's deployments.

The designed artefact is Remix Portal, an online music remixing and communication applica-

tion. Whilst the design of the interface underwent signi�cant modi�cation over the course of this

work, with 3 major interface iterations as depicted in Figure 3.1, certain aspects of its design

remained consistent throughout, so this section shall commence by explaining components

common to all designs.

3.5.1. Components common to all Remix Portal versions

Remix Portal runs in Google Chrome and Firefox web browsers, which creates the potential for

participants to continue using the tool to develop their remixing abilities outside of deployment

sessions. This was considered a signi�cant advantage over traditional, installed applications

where access outside of the classroom may have been far more challenging to provide. Remix
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Figure 3.4A traditional, physical music mixing desk

Portal's interface was built using standard web programming languages; HTML, CSS, javascript

and jQuery. The audio processing was delivered via the web audio API which allows complex,

low-level audio playback and processing code contained within modern web browsers to be

controlled via javascript. At the back end a MySQL database stores the interface parameter

settings associated with each saved music mix.

The interface design follows convention by emulating the layout of a traditional, physical

audio mixing desk (see Figure 3.4). Whilst speci�cs vary, all interface iterations share the

following core components:

• A series of vertical `channel strips' containing knobs, buttons and a slider, with each

channel strip enabling the user to shape the sonic properties of one audio element. See

Figure 3.5-a

• Each channel strip contains a drop down box which enables the user to swap the audio

element it processes. See Figure 3.5-b

• The top-right of the interface contains controls that process all of the audio. i.e. the

processing is applied after the audio elements have been merged together. See Figures

3.5-o and p

• The lower-right contains playback controls including play, pause, and stop.

• A drop-down box enables the user to switch to a new mix. This will trigger all the knobs

and sliders to change to the positions associated the new mix, and the processing applied

to the audio will change correspondingly. See Figure 3.5-k
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Figure 3.5Overview of a Remix Portal interface

• The playback controls contain asavebutton. This records the positions of all the knobs,

sliders and buttons and the associated processing of the audio as a newremixand adds a

label to the remix selection drop-down box so users can recall this remix thereafter.

Audio stems

Audio stems are a set of audio �les which together form a song or piece of music, and these were

the musical components upon which Remix Portal was built. For example, stems for a typical pop

song may comprise an audio �le containing the drum part, an audio �le containing the bass part,

another for the lead vocals, one for the keyboards and so on. A key stipulation is that all stems

should start from the same point in time, which makes it easy to synchronise audio �les in music

production applications (Nichols, 2017). The purpose of stems is to facilitate music remixing

by giving remixers' easy access to the underlying musical components. For example, a remixer

could remove one stem, and add sound effects to another. This creates powerful opportunities to

reshape the music in ways which are often impossible to do when a remixer only has access to a

conventional, stereo audio �le because stereo effectively locks the musical elements together and

any processing applied to one element will impact other musical elements which overlap in time

and frequency. There are no rules as to what components should be separated into each stem,

however, convention dictates that elements most likely to be modi�ed or replacement should be

given their own stem; for example, vocals and percussion (Hillman, 2019).

Stems are becoming a popular format for music remixers' as they are application agnostic and

thus can be used in the vast majority of music software applications. They offer great potential

for musical transformation and manipulation whilst simultaneously having a relatively small �le

size which supports network transfer (Bennett, 2016).

Stems differ from the audio �les associated with a software recording session in two key

ways. Firstly, audio �les associated with music recording software (usually referred to as Digital
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Figure 3.6Remix Portal - interface 1

Audio Workstations or DAWs) will not necessarily be aligned in time, and thus require additional

metadata to synchronise them. Secondly, these software sessions may well have tens, even

hundreds, of audio �les. Stems typically have a much lower number of audio components -

usually between 4 and 20 and are thus much more manageable by non-expert users (Nichols,

2017).

The process of creating stems usually takes place in the original recording application. Audio

�les will be grouped together to reduce the total number of �les that the stems will contain. For

example, a drum kit may well have been recorded with eight or more microphones, producing

eight or more audio �les. The resultant audio �les are likely to be grouped together, possibly

with other percussion parts, to create a single stem. Secondly, each group will be processed to

ensure the output stem �le starts from the same point in time as the other stems. In practical

terms, when the audio �les for a group begin later than those in other groups, silence is inserted

at the beginning of the stem to ensure it starts from the same position as the other stems (Nichols,

2017).

3.5.2. Version 1

The �rst iteration of the Remix Portal interface was used in the study presented in Chapter 4.2.

The interface can be seen in Figure 3.6. A basic web page listing the three song choices was

created, and clicking a song link opened up Remix Portal with the selected song loaded. To

facilitate data collection, between selecting a song for remixing and the Remix Portal interface

loading, a pop-up modal would appear which asked users to input their name. Remixes could

then be saved against the entered name.

The design of this �rst iteration was informed by music mixing software convention and

my expectation of the capabilities of the target user group based upon my years of experience

teaching young people music production skills.
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Figure 3.7Remix Portal - interface 2

3.5.3. Version 2

The deployment reported in Chapter 4.2 provided evidence that led to the following changes to

the Remix Portal interface. Firstly, text feedback facilities were integrated into Remix Portal.

These could be accessed through a slide-out sidebar as depicted in Figure 3.7. The blue border

to this side-bar is used to expand and collapse the feedback panel. Secondly, to further simplify

the Remix Portal interface for lower ability users whilst retaining deep functionality for more

capable users,pro buttons were added to key sections of each channel strip. Clicking apro

button would reveal, or hide if already visible, additional interface controls. Users would �rst

encounter the basic interface (pared down from iteration 1) as Remix Portal loaded, and then

could choose to expand the number of controls available to them via these pro buttons. A third

change involved the addition of question mark buttons placed beside each section of the channel

strip, which led to tutorials about the associated controls. These support materials helped provide

opportunities for self-paced and out-of-class learning.

This second Remix Portal interface was used in the deployment at a primary school, as

reported in Chapter 4.3.

3.5.4. Version 3

Data from the deployment reported in Chapter 4.3 led to a desire to explore a feedback method

that was less oriented around verbal / textual information. This resulted in ashow-and-tell

feedback method which was integrated into this third Remix Portal interface iteration. The

workings of this interface are detailed in Chapter 5, but a brief summary is also included here.

As can be seen in Figure 3.8, key interface changes which support the show-and-tell feedback

method include a greenadd suggestionbutton placed near the top of the feedback panel. This

button records any changes a feedback giver has made to interface control positions. The next

thing to note is that some text feedback is accompanied by anaudition suggestionbutton. When a

user presses this button interface controls which were altered by the feedback giver move to these

positions which yellow boxes used to indicate which controls have changed. The underlying

audio processing will change accordingly to re�ect these new control positions and the changes

the feedback giver has made to the music. Pressing theaudition suggestionbutton a second time

will turn off the feedback auditioning and return the interface to its previous state.
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Figure 3.8Remix Portal - interface 3

This interface was used during the �eld deployments reported in Chapter 5, and was also

used to support the study presented in Chapter 6.

3.5.5. Version 4

The data from the study reported in Chapter 4 revealed the tension between providing an easy,

accessible interface and one with deep functionality. A formative attempt was made to resolve

this in interface version 2 via thepro buttons which added and removed additional controls.

Interface version 4 takes this concept further via a multi-layered interface. As can be seen in

Figure 3.9, to the left of the interface is a set of radio buttons which enable the user to switch

between the �ve interface layers. Each successive layer adds controls and therefore increases in

complexity whilst providing greater processing capabilities. This interface is explained in detail

and explored in Chapter 7. This chapter also details the user research and novel data collection

methods which were used to inform its design.

3.5.6. Origins of the Remix Portal interface

My chosen design for the initial Remix Portal interface was undoubtedly in�uenced by my

experience using music production equipment (hardware and software) over the past two decades,

in my capacity as a musician and music producer, and as music technology educator. This

experience will have also in�uenced the solutions I chose for the problems identi�ed over

the iterative design process. I will therefore re�ect brie�y upon design features of the music

production interfaces I have used in practice and whilst teaching, and relate them to the design

of Remix Portal.

My music production journey began with a 4-track cassette tape recorder, as depicted in

Figure 3.10. This recorder allows four separate sound sources to be recorded (two simultaneously)

and then mixed together. The controls are very basic, with control over the input signals limited

to volume, and control during mixing limited to volume and pan position (i.e. position of the

sound between the left and right headphones or loudspeakers) for each track. I, like many other
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Figure 3.9Remix Portal - multi-layered interface
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